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PERIODIC LEAF-CHANGE AND FLOWERING OF 
TREES IN SINGAPORE (II)* 

By R. E. Holttum 

In my earlier paper on this subject, I published 
observations made on a number of trees during the years 
1927-1931, and summarized previous observations published 
elsewhere on the behaviour of trees in the eastern tropics. 
I also gave a short account of the climate of Singapore. The 
main item of new information arising from my own 
observations was that a number of deciduous trees had 
fairly constant leaf-periods, which had no relation to the 
yearly calendar; and the conclusion drawn from this was 
that the length of leaf-period in such trees is due primarily 
to senescence of leaves, the climate of Singapore being so 
uniform as to have little or no control. 

Subsequent observations, in some cases over a total 
period of ten years or more, have confirmed the fact that 
many deciduous trees have fairly constant leaf-periods not 
related to climate; but they have also shown many curious 
irregularities which are not always easy to explain. It is 
clear that there is every variety of response from almost 
complete independence of climatic change to extreme sus¬ 
ceptibility, and a tree that is regular in behaviour for a time 
may later show an unexpected change ( e.g . Koompassia). 

My earlier generalizations therefore need modification 
in some measure, and a fuller discussion of the whole 
subject is given below, followed by details of behaviour of 
individual trees. 


Climate 

The temperature of Singapore is so uniform throughout 
the year as to have little significance in the present 
connection. The only phenomena of temperature-change 
which influence plant behaviour are sudden falls of 10 to 
15 degrees (Fahrenheit) during storms, and possibly also 
cool days following hot weather. These stimulate certain 
plants to flower; chiefly orchids, but also some woody plants, 
notably Pterocarpus indicus . 

The average rainfall of Singapore is nearly 100 inches 
(2540 mm.), uniformly distributed, the driest calendar 
month having a mean of about 6 inches (152 mm). The 
only constant periodic change in the climate is the wetter 
season from October to January, when in addition to the 
greater rainfall there is frequent heavy clouding and light 
rain, resulting in continuously moist conditions over 
considerable periods, in contrast to the relatively short 

* For the first paper on this subject, see Gard. Bull. S.S. 
5 : 174 - 206 . 1931 . 
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periods of heavy rain characteristic of most of the rest of 
the year. There is often a sudden break at the end of the 
wet season, in January or February, and this is usually 
the most pronounced climatic change in the year. It varies 
in its intensity. 

Though the driest month has a mean rainfall of about 
six inches, there are drier months than this in almost every 
year. A list of the calendar months with less than 2-5 
inches of rain (63 mm.) since 1890 shows the following 
frequency of occurrence: 


February 

March 

April 

July 

August 

September 


7 times 
3 „ 

1 „ 

6 „ 

3 „ 

2 „ 


Thus there is an indication that exceptionally dry weather 
tends to occur either about February-March or July- 
August, but it will be noted that in 49 years there were only 
22 calendar months with less than 2*5 inches of rain, and 
(as shown by the figures at the end of this paper) there is 
very great variation in the distribution of rainfall from 
year to year. In the period 1927-1937, the following were 
the longest periods without rain:— 


24. 1.35-14. 2.35 

22 days 

21. 7.35- 9. 8.35 

20 „ 

3. 2.33-19. 2.33 

17 „ 

8.12.34-23.12.34 

16 „ 

13. 7.28-27. 7.28 

15 „ 

26. 7.29- 9. 8.29 

15 „ 

24. 7.37- 6. 8.37 

14 „ 

The extremes of dry weather are thus relatively slight 

as compared with most tropical climates, 

and are never 

such as to necessitate leaf-fall of trees; and though extreme 


dry weather may usually occur about February and July, 
it is not frequent enough to ensure uniform behaviour of 
all trees, and lesser dry periods may occur at almost any 
time. Dry periods of from 7 to 13 davs occurred as follows 
in 1927-1937: 


in January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 


2 periods 


o 

1 

5 

3 
9 
2 

4 
2 


n 

ii 

ii 

ii 

ii. 

ii 

ii 

ii 


1 


ii 

ii 


A period of seven days without rain, following a period 
of wet weather, is probably enough to stimulate certain 
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trees to flower; but response varies according to the 
condition of the tree, and is in fact so complex that it is 
difficult to analyse. Reference to Fagraea fragrans and 
Saraca taipingensis will give some indications on this point. 
Most trees (other than those that flower continuously) 
probably need more than seven days drought as a stimulus 
to flowering. 

Atmospheric humidity is high every night, rising above 
90% soon after sunset; in the daytime it may fall to about 
60% in dry weather, but in the wet season often only 
to 85%. 

An appendix to this paper gives the daily rainfall, in 
inches, at the Botanic Gardens, Singapore, from 1927 to 
1939. 


Deciduous trees with annual leaf-renewal 

Trees of the following species have been strictly annual 
in their leaf-renewal: 

Kigelia pinnata (mean date 28 January) 
Hymenaea courbaril (early February) 

Parkia javanica (mean date 23 February) 
Terminalia subspathulata (mean date 6 April) 
Canarium rufum (mean date 9 May) 

Lecythis sp. (mean date 11 August) 

The coefficients of variation of these trees vaiy from 2 0% 
to 7*5%, and presumably indicate corresponding differences 
in susceptibility to climatic variation. 

The mean dates of leaf-renewal are interesting. It is 
probably significant that the two trees with the lowest 
variation (Parkia and Kigelia) renew their leaves in 
January-February, following the most regular seasonal 
change in the climate, whereas those with mean date of 
leaf-renewal in April and May (Terminalia and Canarium), 
when there is much variation of climate conditions, show 
the greatest variation. Lecythis, changing about August, 
is intermediate. Hymenaea is not quite deciduous, and no 
exact dates are recorded, but the tree concerned seems to 
be quite regular in its behaviour. 

There are other trees that appear to have a tendency to 
a period of slightly less or slightly more than 12 months. 
Such trees as these may keep to very near 12 months for 
some years, if they change their leaves at a time when dry 
weather is most likely to occur; but sooner or later they 
have a short or a prolonged leaf-period, and this may be 
the prelude to a series of irregular periods until the change 
occurs once more at a time when climatic change is most 
regular. For an example of shortening periods see Cassia 
nodosa; for lengthening periods Koompassia malaccensis . 
The latter had been observed over three periods when I 
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wrote my earlier paper; it then appeared to have a period 
of exactly a year, with leaf change in September. It 
subsequently deferred its change until November and then 
had several periods of considerably more than 12 months. 

Two young trees of Kigelia pinnata have indicated that 
the date of leaf-renewal may be dependent on the date of 
planting, and also that root-stimulus by manuring and 
cultivation may induce new growth and result in a change 
of some months in the date of leaf-renewal. The relation 
of the first leaf-change to the date of planting of a young 
tree is one that varies considerably from species to species, 
and observations on this point would be of considerable 
interest. 

Deciduous trees with leaf-period of more than a year 

Several deciduous trees have been observed to show a 
mean leaf period significantly more than 12 months. These 
are as follows: 


Period 

Spe cies (months) 

s.d. 


No. of 
periods 

Cedrela Glaziovii A 

12-5 

•70 or 

5-6% 

11 

Koompassia malaccensis 

12-7 

1-36 

10-7% 

12 

Hevea braziliensis 

13-3 

•86 

6-5% 

9 

Cedrela Glaziovii B 

14-0 

1-7 

12-1% 

10 

Caesalpinia ferrea 

14-2 

1-2 

8-5% 

5 

Homalium grandiflorum 

137 

1-9 

13-9% 

7 

Anisoptera megistocarpa 

13-8? 

1-65? 

120% 

10? 

Parishia Maingayi 

15-6 

•96 

6-2% 

6 

Heritiera elata 

20-5 

26 

12-7% 

4 

Heritiera macrophylla .. 

32 

1-3 

4-1% 

4 


The two trees of Cedrela Glaziovii provide a remarkable 
contrast, as they are growing near together and under 
apparently identical conditions. It is remarkable that the 
tree showing a period of only 12*5 months, which one might 
perhaps think not significantly different from 120 months, 
has had a very small coefficient of variation over a period 
of eleven years. The other tree, which evidently has a 
tendency to decidedly longer periods, is probably also more 
influenced by climatic change. Climatic influence is more 
clearly seen in the Koompassia, which has had its longest 
leaf-periods when change was due in the wet season. Such 
a tree may show almost exactly 12-month periods for 
several years, then a series of longer periods with change 
later and later in the wet season, then a series of nearly 
12-month periods again. The Koompassia tree in question 
would probably be a strictly 12-month tree in a climate 
with a pronounced annual dry season. (Another Koom¬ 
passia tree seems to be more irregular). 

The Hevea with a very regular period of over 13 
months is also interesting, because most Hevea trees in 
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Singapore are very irregular in their behaviour, changing 
some or all leaves at any period of dry weather (according 
to their previous history and the intensity of the drought). 
Schweizer’s observations in a much more seasonal climate 
in Java indicate also variation in behaviour of different 
trees of Hevea; for further notes on this question, see 
below under the heading Deciduous Trees with no regular 
leaf-periods . 

The behaviour of the Anisoptera tree has been 
decidedly irregular, and it is not at all obvious how climatic 
influence can have caused the observed variations. The 
Homalium tree also had one exceptionally long period which 
seems unaccountable on climatic grounds. 

The two species of Heritiera are the most remarkable 
cases in this group, one being native to Malaya and the 
other from Burma. It would be very interesting to have 
some information about the behaviour of H . macrophylla 
in its seasonal native climate. Such a leaf period as 21/2 
years in a deciduous tree must surely be very exceptional, 
though individual leaves of lesser evergreen trees and 
shrubs in the shade of rain-forest may not infrequently last 
as long as this. 

Trees with leaf-periods between 6 and 12 months 

A number of trees have shown regular periods of less 
than a year; these are as follows, with the exception of 
those having a six-month period, which are considered 
separately below. 




Period 



No . of 

Species 

(months) 

s.d. 


periods 

Adenanthera pavonina 


7-25 

•74 

or 10-2% 

16 

Cassia fistula 

A 

91 

•93 

10-2% 

15 

Cassia fistula 

B 

10-5 

1-26 

120% 

8 

Cassia fistula 

C 

96 

•84 

8-7% 

14 

Cassia nodosa (1928-35) 

11-7 

•4 

3-4% 

7 

Cratoxylon formosum 

A 

91 

1-09 

120% 

15 

Cratoxylon formosum 

B 

91 

•74 

8-1% 

15 

Delonix regia 


8-8 

•94 

10-7% 

11 

Ficus variegata 

A 

6-5 

•84 

12-9% 

20 

Ficus variegata 

B 

6-4 

•85 

13-3% 

19 

Ficus variegata 

C 

61 

♦65 

10-7% 

9 

Ficus variegata 

D 

61 

•62 

10-1% 

13 

Lagerstroemia flos- 






reginae, north side 


9-2 

•88 

9-6% 

13 

Lagerstroemia flos- 






reginae, south side 


8-9 

•77 

8-7% 

13 

Lagerstroemia flos- 






reginae old tree 


9-4 

•99 

10-5% 

13 

Salmalia malabarica 

A 

10-5 

•44 

4-2% 

13 

Salmalia malabarica 

B 

9-3 

•98 

10-5% 

12 

Sterculia macrophylla Pg. 

6-9 

_ 

— 

4 

Sterculia macrophylla 

S. 

7-0 

— 

— 

4 

Sterculia sp. 

.. 

10-1 

1-26 

12-5% 

15 
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It will be noted that nearly all of these trees have a 
coefficient of variation of about 10%. It is notable that 
one of the two exceptions, namely the tree of Cassia nodosa 
with a coefficient of only 3-4% in the period 1928-35, showed 
subsequently a very irregular behaviour. This is discussed 
further under the heading of irregular trees. 

Apart from the indication that a considerable number 
of deciduous trees have regular periods independent of the 
climatic cycle, the most interesting feature of the above 
table is the comparison of different trees of the same 
species. 

In the case of Salmalia malabarica the tree with the 
more regular period is the more vigorous. This species is 
interesting as being the only one that has a considerable 
obligatory resting period; such trees are often intolerant 
of the Singapore climate. The standard deviations of the 
three trees of Cassia fistula are also in the order of their 
vigour, the most vigorous showing the least deviation. This 
may be partly connected with the fact that in this species 
no exact date for leaf-renewal can be given, the process 
being slow and not always uniform all over the tree; the 
observer is therefore liable to greater variation in recording 
dates for the less vigorous trees. There is an indication 
that some trees of this species in Singapore have a period 
of 12 months. 

The two trees Cratoxylon formosum are in different 
localities, and have never changed simultaneously, but both 
have a period of 9T months. One tree has a substantially 
greater variation than the other, though both are equally 
vigorous and of about the same size. It is to be noted that 
this species appears to have a period of 12 months in the 
more seasonal climate of Penang. 

The four trees of Ficus variegata are of considerable 
interest, as they come very near the six-month trees. It is 
clear however that trees A & B, which have been longest 
under observation, have a period significantly longer than 
six months, and also a rather high standard deviation, 
whereas the three six-month trees appear to have a low 
standard deviation. As pointed out below, however, 
observation must be carried out over a longer period of 
years if a true picture of their behaviour is to be obtained. 

The two trees of Lagerstroemia, like those of Cratoxy¬ 
lon, are situated some distance apart, have almost equal 
periods, and do not change simultaneously. The tree of 
which the two halves have different periods is considerably 
younger than the other. 

The Sterculia macrophylla at Penang is interesting as 
showing a period of seven months in the much more 
seasonal Penang climate. A second Singapore tree seems 
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to have a considerably longer period; but it has not been 
observed long enough since its treatment of cultivation and 
manuring to allow of a definite statement being made. 

Six-month trees 

A few species of trees have a regular period of six 
months. There are indications that in some cases trees 
of Peltophorum have longer periods than this, but in the 
cases observed the trees were either young or in poor 
condition or affected with insect pests. The list of trees 
observed in the six-month class is as follows:— 



s.d. 

c.v. 

No. of 

Mean dates periods 

Couroupita 

guianensis 

. 43 

7-2% 

15 Mar. 

20 Sept. 16 

Peltophorum 
pterocarpum . 

. -43 

7-2% 

12 Feb. 

10 Aug. 22 

Terminalia 

catappa 

. -64 

10-5% 

8 Feb. 

11 Aug. 22 


It is remarkable that the exotic Couroupita has been 
more regular than the local Terminalia in its behaviour. 
The dates February-March and August-September for leaf- 
change follow closely the periods of incidence of the driest 
weather and are probably controlled by these periods. 

Deciduous trees with no regular leaf-periods 

There is probably no very sharp distinction between 
this class and that of the regular trees, the gap being 
bridged by those which have high standard deviation. The 
irregular trees here considered are in fact those which are 
most affected by small climatic changes, which in Singapore 
are of irregular occurrence. The most remarkable of the 
irregular trees under observation are Cassia nodosa, Dyera 
costidata, Ficus caulocarpa, Hevea braziliensis, Mangifera 
indica, Sindora Wallichii, and Sterculia carthagenensis. 
Each of these presents some peculiar features, which are 
discussed under the appropriate headings below. The most 
striking may be mentioned here. Cassia nodosa showed a 
very regular period of 11-7 months for several years, and 
then behaved very irregularly. Ficus caidocarpa is the 
most irregular of all, and I cannot trace any connection 
between its behaviour and climatic change. Hevea trees 
mostly lose some leaves, and sometimes all, when there is 
dry weather, but the single tree with a regular period of 
13-3 months is a notable exception. Sterculia carthaginen- 
sis is a very interesting case, discussed below in some detail. 
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It has been clearly shown by Schweizer’s experiments 
that Hevea leaves have a minimum life of about 5 months; 
and it is probable that most other irregular trees have 
similarly a minimum period for which the leaves must be 
retained, the leaves being liable to fall in any dry weather 
after they have attained this minimum. There is probably 
always considerable variation from tree to tree in this 
class, according to the individual nature of the trees, their 
position (soil, exposure etc.) and previous history. 

Flowering of Deciduous and Evergreen Trees 

The flowering of deciduous trees always takes place 
at a definite point in the leaf-cycle; on the old wood before 
new leaf growth ( Erythrina indica) , simultaneously with 
the growth of new leaf shoots ( Cratoxylon formosum, 
Cassia fistula), or at the end of the new leafy shoots 
(Lagerstroemia, Peltophorum). Flowering may be much or 
little, or even often absent in some cases (Homalium, 
Terminalia subspathulata) . The extent of flowering 
depends no doubt on the climatic conditions at the time the 
flower buds are formed. It is notable that Delonix trees 
flowering in Singapore at some seasons are much fuller of 
flowers than those flowering at other seasons. In some 
species, on the other hand, flowering is very much the same 
whatever the season ( e.g . Lagerstroemia) and there is 
probably in all cases some difference in response according 
to innate differences from tree to tree. But whatever 
these differences in response, flowering always occurs at a 
definite point in the leaf-cycle, and cannot occur at any 
other time. From this it follows that, with trees having 
a leaf-period of less than 12 months, there is no definite 
flowering season, and little response to climatic change, but 
a sporadic flowering of individual trees throughout the year. 

The flowering of evergreen trees, on the other hand, is 
usually not dependent on the leaf-cycle, and bears no 
relation to new leaf growth. Flowering is dependent on 
dry weather, but the intensity of drought needed to produce 
flowering, and the time which elapses between the onset 
of dry weather and the opening of flowers, vary greatly 
from species to species. Examples are given under Saraca 
taipingensis and Fagraea fragrans. Some evergreen trees 
however flower at the end of new leaf-growth {e.g. Eugenia 
grandis, Cinnamomum iners). 

Evergreen trees produce new leaf-growth at intervals 
of a few months (sometimes as much as a year or more), 
the intervals apparently much less regular than the leaf- 
periods of most deciduous trees. The old leaves usually 
do not fall as soon as the new have grown, but remain 
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on the tree for some time afterwards, their total life-period 
being often very long. There are however cases rather 
intermediate between the normal deciduous and evergreen 
types, such as Dyera costulata and Eugenia grandis (see 
my 1931 paper, p. 191). Probably in most cases new leaf 
growth of evergreen trees is dependent on some climatic 
stimulus, often rainy weather; but little information on 
this point is available. Some data will be found below 
under Mangifera foetida and Saraca tailingensis. 

Statistical significance of the records 

In all cases the mean leaf-period has been calculated, 
and where the number of observations is sufficient, the 
standard deviation, which is the usual measure of variabi¬ 
lity. This is calculated by taking the difference of each 
leaf-period from the mean, squaring these differences, 
dividing their sum by n-1 (n being the number of periods) 
and taking the square root of the result. If one date of 
a series has been missed, the double period is divided, and 
two equal periods entered for calculation of differences from 
the mean, but the sum of the squares is divided by n-2 
instead of n-1. 

As noted above, it appears that standard deviation, 
when expressed as a percentage of the mean period, gives 
a measure of the susceptibility of a tree to climatic 
influences. It is notable that in two instances (Cassia 
fistula and Salmalia malabarica) a more vigorous tree has 
a smaller deviation than a less vigorous tree of the same 
species, indicating that a more vigorous tree is less 
susceptible to climatic influence. It may be that the more 
vigorous tree, having a larger and more widely spreading 
root-system, has access to a larger amount of soil moisture, 
and is correspondingly less affected by a period of dry 
weather. 

I am grateful to Dr. E. J. Maskell for advice 
concerning the data presented in this paper, and for making 
a statistical comparison of some of them, to assess their 
significance. The results of this treatment of a few of the 
records, summarized in the following paragraphs, will give 
a general idea of the significance of the records as a whole. 

Taking two trees which have leaf-periods of more than 
a year, namely Hevea braziliensis and Sterculiamacroyhylla, 
calculation indicates that the probability in either case that 
the figures presented show chance behaviour of trees whose 
true period is 12 months, is less than -01. That is, the 
probability that these trees have a natural period of more 
than 12 months is very high. 
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Taking pairs of trees of the same species which have 
shown different mean periods, the following results were 
found. In the case of Salmalia malabarica, the probability 
that the differences observed between the two trees are a 
chance result is less than -02; this indicates that the 
differences observed are fully significant. In the case of 
the two trees of Cedrela Glaziovii, the probability is greater 
than *02, but less than -05; this also indicates a significant 
difference. In the case of Ficus variegata, however, 
comparing trees A and B, A and C, the differences are found 
not to be significant. In these trees, the mean periods are 
near together, and the deviations rather high, so that a 
longer period of observation is needed to indicate significant 
differences between them. 

It should be noted however that though the differences 
between a pair of trees such as the two Salmalias may be 
significant, this does not necessarily indicate that the whole 
difference is due to the individual natures of the trees. A 
tree with good soil and other favourable environmental 
factors may be more vigorous than a tree less favoured, and 
the two might on that account show some difference of 
leaf-period. On this point, we have no evidence. All we 
can say is that in an identical climate two trees of the same 
species may show a significant difference of behaviour, part 
of this being presumably due to innate differences between 
the two trees and part to differences of soil conditions and 
other topographical factors. In the case of the two Cedrela 
trees, the differences of soil and topography appear to be 
negligible, but one cannot be entirely sure of this. An 
appropriate experiment would be to propagate the two 
trees vegetatively, and observe whether the offspring, 
planted together in a different place, continued to show 
the differences of their parents. 

Conclusion 

The observations presented in this paper indicate 
clearly that the climate of Singapore is so uniform on the 
whole that many trees change their leaves at intervals 
which have no relation, or little relation, to climatic change. 
It is clear however that there is much variation in regularity 
of behaviour among such trees, even between different 
individuals of the same species. One can find all conditions 
from trees with very high constancy of period (the period 
bearing no relation to the calendar year) to trees that are 
so susceptible that they may renew at least some of their 
leaves at any small climatic change. 

The constant-period trees appear to be organized on 
the principle that their leaves are efficient for a certain 
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period, and are then shed and renewed, whatever the season. 
For these trees, no climatic change experienced in Singapore 
is sufficient to make them change their leaves much earlier 
or later than their proper period, which is dependent on 
the nature of each tree, and perhaps also on its soil 
conditions or other local factors. However, trees of these 
same species in climates with long dry seasons may change 
their leaves at intervals of exactly a year. It is the climatic 
uniformity of Singapore which permits such trees to show 
their individuality; in the interplay of internal and external 
factors, the internal are here by far the stronger. 

At the other extreme are trees which are considerably 
affected by such climatic changes as do occur in Singapore. 
As such changes are very irregular over a great part of the 
year, trees of this kind are irregular in behaviour. They 
appear to be organized on the principle that their leaves 
have a minimum life; any dry period occurring after the 
minimum may cause some leaves to fall, with subsequent 
leaf-renewal. There is no sharp distinction between these 
trees and those which have constant leaf-periods; the gap 
is bridged by trees showing varying degrees of deviation 
from regular periods. 

Another point to observe, deserving of future attention, 
is that interference with the roots of trees may completely 
change the rhythm of their leafy shoots. It seems likely 
that stimulation of roots at a sufficient interval after the 
last new leaf-growth will stimulate new leaf-growth, 
followed by fall of the old leaves; but that the reaction 
will depend on the age of the last leaf-growth, much in the 
same way that Hevea leaves have a minimum life. But 
different trees will doubtless behave in different ways, and 
much of interest may emerge from watching their reactions. 

Evergreen trees differ from deciduous trees in not 
losing their old leaves when new ones are produced; the 
growth of new leaves is not a consequence of the loss of 
the old, and must be due to some other stimulus. Observa¬ 
tions on the behaviour of evergreen trees are few (see 
Mangifera foetida, in this paper), but I think they also will 
be found to vary in their response to climatic stimulus. It 
is clear that some ( e.g . Saraca) are stimulated by wet 
weather to produce new leaves, and that such production 
comes at irregular intervals. The length of such intervals 
and their dependence or otherwise on climatic stimulus 
probably vary as much from species to species as in the 
case of deciduous trees. A further important point of 
difference between evergreen and deciduous trees is that 
in the former flowering is usually independent of vegetative 
growth, whereas in the latter flowering always comes at 
a definite point in the leaf-cycle. 
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Records of Individual Trees* 

Adenanthera pavonina L. 

The tree reported on in 1931 has been under continuous 
observation since that time, and has maintained an average 
leaf-period of 7-25 months, with a standard deviation of 
-74 month over 16 periods. The longest period was 8*4 
months and the shortest 6-2; both these occurred in the 
records formerly reported. Leaf-renewal has occurred in 
every month of the year except February, June and 
November. 

Leaf-renewal after the 8-4 month period occurred 
towards the end of a 2-month drought; if this prolonged 
dry weather was the cause of deferring leaf-renewal, it is 
difficult to see why leaf-renewal after the short period of 
6*2 months took place at the end of one month’s dry weather. 
In both cases the new leaves developed before any consider¬ 
able rainfall had broken the drought. A subsequent record 
of leaf-renewal on 9th July, 1938 gives an average of about 
7*5 months for two leaf-periods after 11th April, 1937. 

It should be noted that this species is said to be annual 
in its behaviour at Peradeniya, losing its leaves towards 
the end of the year. On a recent visit which I paid to 
Colombo in October, I noticed that all trees were in old 
leaf with ripe fruits, and the same appeared to be the case 
at Bombay a few days later. See however remarks under 
Peltophorum ferrugineum . 

The following table gives dates of leaf-renewal, with 
the length of each leaf-period, and also the standard 
deviation as calculated from these figures. 



Months 


Months 

27. 8.27 .. 

.. — 

15. 1.33 .. 

8*2 

22. 3.28 .. 

6-8 

6. 9.33 .. 

.. 7-7 

21.10.28 .. 

.. 7-0 

April 1934 

•• ?* + 

28. 4.29 .. 

6-2 

1.12.34 . . 

.. 7- + 

8.12.29 .. 

7-3 

15. 7.35 .. 

7-5 

21. 8.30 . . 

.. 8-4 

1. 3.36 . . 

.. 8-5 

10. 3.31 .. 

6-6 

10.10.36 . . 

7-3 

4.10.31 .. 

. . 6-8 

11. 4.37 . . 

.. 6-0 

8. 5.32 .. 

74 



16 Periods. 




Mean period: 

7-25 months. 




Extremes: 8*4 and 6-2 months. 

Standard deviation: -74 month or 10-2%. 

Anisoptera megistocarpa van SI. 

A large tree of this species in the Gardens Jungle 
has been under observation since 1928; it has shown 
considerable variation in behaviour, with long leaf-periods 

* In the records which follow, dates of leaf-renewal are the 
dates on which leaf-buds were seen to be starting new growth. 
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throughout. The tree is slowly deciduous during many 
weeks, new growth appearing when it is almost bare of 
leaves. It has had six periods varying between 12 and 
16*5 months, and two much longer periods of 23*8 and 28-2 
months. The crown of the tree is clearly visible from my 
house, though distant, and I am confident that these two 
long periods represent intervals between new growth 
following bare phases. It is possible however that (as with 
the tree of Dyera) new growth may have occurred without 
a preceding leaf-fall during these long periods; I might 
have missed such new growth, as there is little colour 
change between new and old foliage. If we assume that the 
long periods are in fact double periods (so far as new 
growth is concerned), we find that the standard deviation 
is 12 %, which is no greater than in a number of other trees; 
taking them as single periods, the standard deviation is very 
high. 

In any event, more observation is needed to understand 
the behaviour of this tree. One cannot see any relation 
between the dates of leaf-renewal and rainfall. Leaf- 
renewal in March, 1931, March, 1932 and April, 1933 took 
place after rather dry weather in February (average 
115 mm.) which was absent in 1935; but if a dry February 
causes leaf-renewal, it is curious that the much drier month 
of February, 1936 (43 mm.) had not a more immediate 
effect. The dates of new leaf-growth, and the intervals in 
months between them, were as follows. 


Months 


Months 


18. 8.28 
8.12.29 

12. 3.31 

13. 3.32 
1. 4.33 


— 

2. 6.34 .. 

.. 140 

15-7 

27. 5.36 . . 

.. 23-8 

151 

15.10.37 .. 

. . 16-5 

12-0 

22. 2.40 .. 

.. 28-2 

12-6 




Reckoning the periods 23-8 and 28-2 as double periods 
(t.e. as 2 X 11*9 and 2 X 141 months respectively), we 
have the following:— 

10 periods; mean period 13-8 months, 

extremes 12-0 and 16-5 months. 


Standard deviation: 1-65 months or 12-0%. 


Caesalpinia ferrea Mart. 

A single tree of this south American species, apparently 
the only mature tree of its kind in Singapore, grows in the 
Botanic Gardens. It has made vigorous growth, and is 
very handsome, but flowers poorly and sets very few fruits. 
The tree is deciduous, its leaf-fall taking place slowly over 
a period of several months. Before all the leaves are gone, 
new growth appears on isolated twigs (as in Cassia 
nodosa), but general new leaf growth, which is very rapid 
when it does occur, is deferred until practically all old 
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leaves are gone. The dates given are for the occurrence 
of general new leaf growth, and are therefore less precise 
than those given for some other trees. 

An isolated observation of this tree was made in 1929; 
continuous records date from 1934. The gap in observa¬ 
tions is exactly four times the mean period for 1934-1940. 
For the years 1934-1940, the standard deviation is below 
10%, so it is fairly clear that this is a tree with a period 
of more than 12 months. A few seedlings have now been 
obtained from it, and their development will be watched 
with interest. The following are the observed dates of 
general leaf-renewal. 

Months Months 

25.8.29 .. .. — 26.9.37 .. .. 14-5 

23.5.34 .. 4 X 14-2 1.1.39 .. .. 15-2 

19.6.35 .. .. 12-9 22.4.40 .. .. 15-7 

12.7.36 .. .. 12-8 

For the years 1934-1940 (5 periods) we have:— 

Mean period: 14-2 months. 

Standard deviation: 1-2 months or 8-5%. 


Canarium rufum Benn. 


This local tree has been under observation only since 
1935. It appears to have a 12-month period. It is on the 
edge of the Gardens jungle, growing under good conditions. 
Leaf-fail is rather sudden, and leaf-renewal takes place as 
soon as the tree is bare. New leaf buds have opened on the 
following dates. 


1.5.35 

20.5.36 

4.6.37 

20.4.39 

30.4.40 


Months 

— Mean leaf-period: 12-0 months. 

12-6 Standard deviation: -65 month 

.. 12 5 or 54%. 

2 X 11*3 Mean date: 9 May. 

.. 123 


Cassia fistula L. 

The two trees mentioned in 1931 have been under 
observation since that time, and also a third tree. The 
two former trees have latterly both shown signs of lack of 
vigour, but the third tree is very vigorous and has flowered 
heavily on all occasions. As noted previously, it is not 
easy to fix an exact date for leaf-renewal of trees of 
this species; the dates are therefore subject to a greater 
margin of error than most of the other observations 
recorded in this paper. The tree B showed such a slow 
change that no observations on it were made after 1935. 
A fourth tree lately brought under observation near the 
others has had one period of 10-6 months. 

Two exceptionally large and vigorous trees at Govern¬ 
ment House, Singapore, have renewed their leaves and 
flowered in May or June in the following years: 1928, 1931, 
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1938, 1939. It seems likely that these trees have a period 
very nearly of 12 months. It is evident therefore that 
observations on further trees are desirable. 

The dates of leaf-renewal of the three trees for which 
the longest observations are available, with other data, are 


as follows: 


A 

Months 

11.12.27 .. — 


11. 9.28 


9-0 

1. 6.29 


8-7 

1. 3.30 


9-0 

1.12.30 


9-0 

29. 8.31 

. , 

. 8-9 

8. 5.32 

• 

. 8-3 

1. 3.33 


9-8 

29. 3.35 

3 

X 8-3 

26. 2.36 


. 10-9 

early 

Jan. 1937 


, 10-5 

Oct. 1937 


. 9-5 

5. 4.39 

2 

X 9-0 


Mean period: 9-1 
months. 

Extremes: 8-3 and 
10-9 months. 

Standard deviation: 
•93 month or 10-2%. 


B 

Months 

8. 3.28 . 

— 

13. 1.29 . 

. 10-2 

24.11.29 . 

. 104 

10. 9.30 . 

9-6 

25. 5.31 . 

8-5 

8. 5.32 . 

. 11-5 

16. 5.33 . 

. 12-3 

10. 3.35 2 

X 10-9 


Mean period: 10-5 
months. 


Standard deviation: 
1*26 months or 12-0%. 


G 

Months 

11.12.27 . 

— 

28.10.28 . 

. 10-6 

22. 2.31 3 

X 9-3 

13.12.31 . 

9-7 

27. 8.32 . 

. 84 

28. 6.33 . 

. 10-0 

Mar. 1935 2 

X 10-5 

10. 1.36 . 

. 10- 

4.10.36 . 

. 8-8 

28. 6.37 . 

. 8-7 

May 1938 . 

. 10- 

26. 2.39 . 

. 9- 


Mean period: 9-6 
months. 


Extremes: 84 and 
10-6 months. 

Standard deviation: 
•84 month or 8-7%. 


Cassia nodosa Buch.-Ham. 

The tree mentioned in 1931 continued its leaf-renewals 
after slow and prolonged leaf-fall in the early part of the 
year, tending to become earlier each year up to 1935, for 
which the date recorded is 10 March. The dates given are 
for general new growth of leaf buds, and are usually about 
a month later than the first new buds which develop here 
and there on small branches in advance of the remainder 
of the tree. The standard deviation for this period is 
remarkably low. 

Then in December, 1935, possibly as a result of the 
rather dry period from July to October, about % of the 
branches on the tree produced new leaves. The remaining 
branches did not bear new leaves until March, 1936. The 
branches which had new growth in December, 1935 renewed 
their leaves again in July, 1936. In April, 1937 all branches 
renewed their leaves. 

This tree is said to have been produced from a seed 
from Pahang, where the species is common, and leaf-renewal 
with flowering is general about May. It appears likely that 
the more uniform climate of Singapore has allowed our 
tree to show a tendency to instability or to sensitiveness 
to climatic changes. A number of young trees of this 
species have lately been planted, and their behaviour will 
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be watched with interest, 
are given below. 

Months 


28.5.28 .. .. — 

15.5.29 . . .. 121 

15.4.30 .. . . 11-0 

12.4.31 . . . . 11*9 

16.4.32 . . .. 121 

9.4.33 . . . . 11-8 

20.3.34 .. . . 11-4 

10.3.35 .. .. 11-7 


Cedrela Glaziovii C. DC. 


Data for the period 1928-1935 


Mean period: 11-7 months. 
Extremes: 11-0 and 121 months. 
Standard deviation: -4 month 
or 3-4%. 


The trees of this species were wrongly ascribed to 
C. toona in my 1931 paper. These two trees have been 
under observation since that time and have shown a 
remarkable difference in behaviour. Both are tall vigorous 
trees growing near together under good soil conditions. 
They behave alike in their slow leaf-fall, from the top 
downwards, and the appearance of new leaves first on the 
top branches after the whole tree is bare. One tree has 
had a mean leaf-period of 12*5 months, advancing its time 
of leaf-fall from July to December during the period under 
review, with a very small standard deviation. For the first 
few years it appeared likely that this tree had a period 
of exactly 12 months, but it now seems more likely that 
there is a significant departure from this figure. 

The other tree has shown less regularity (though its 
coefficient of variation is only 12%), and has throughout 
had leaf-periods decidedly more than 12 months, with a 
mean of 14 0. Most of the periods have been 13 to 14 
months, but one was 17-7. This long period included the 
whole of 1932, the driest year in the period 1927-38. For 
other cases of difference of behaviour between trees of the 
same species, see Ficus variegata, Hevea and Peltophorum. 

The following table shows how one tree had ten leaf- 
periods and the other only nine, in the same period of years. 


8. 7.28 . . 

Months 

Aug. 1928 


Months 

4. 8.29 .. 

!! 12-9 

Sept. 1929 


’.! 13- 

30. 7.30 .. 

.. 11-9 

end Sept. 1930 


.. 12-5 

1. 8.31 .. 

. . 12-0 

13.12.31 


. . 14-7 

9. 8.32 . . 

. . 12-3 

4. 6.33 


. . 17-7 

13. 8.33 .. 

. . 124 

July 1934 


. . 13- 

10. 8.34 . . 

. . 11-9 

12. 8.35 


. . 13- 

10. 8.35 .. 

. . 12-0 

Oct. 1936 


. . 14- 

12. 9.36 . . 

. . 13 1 

end Oct. 1937 


. . 12-5 

12. 9.37 .. 

. . 120 

2.12.38 


. . 134 

17.10.38 .. 

. . 13-2 

19. 4.40 


. . 16*6 

15.12.39 .. 

.. 14-0 

10 periods: 

mean 

period 140 


11 periods: mean period 12-5 months. 

months. Extremes: 12-5 and 17-7 months. 

Extremes: 11*9 and 14 0months. Standard deviation: 1-7 months 
Standard deviation: -70 month or 12-1%. 

or 5-6%. 
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Ceiba pentandra (L.) var. caribaea (DC) Bakh. 

A tree of this variety (the West Indian Kapok), 
received as a stump from Buitenzorg and planted in October 
1933, has shown a six-month leaf-period since 1936. The 
new leaves appear before the old have quite fallen; the 
change was very gradual in September, 1938 and March, 
1939. Observed dates (incomplete) of new leaf production 
were: 


Sept. 1938 
March 1939 
March 1940 
Sept. 1940 


8. 4.36 

27.10.36 
25. 4.37 

15.10.37 


Another tree of the same origin, planted at another place 
but at the same time, renewed its leaves on 28th December, 
1936, 1st June, 1937, 9th February, 1939 and 26th July, 
1939. It has thus shown a similar six-month period, but 
has changed its leaves at different times from the first tree. 
The reason is probably that this tree was cultivated and 
manured some time after planting (the first tree has never 
had such treatment), but the date of this treatment was not 
recorded. For a similar case, see Kigelia. 

A seedling raised from seed from the Gold Coast has 
also shown a six-month period. Ceiba pentandra in Java 
has a twelve-month period. Possibly these young trees will 
lengthen their period as they grow older. 

Couroupita guianensis Aubl. 

An old tree of this species was reported as having 
three six-month periods in 1929-1931. A record over 16 
periods is here presented, the average being still exactly six 
months and the standard deviation identical with that of 
the tree of the local species Peltophorum pterocarpum. 
Leaf-fall is very rapid, and also leaf-renewal; the dates 
given are therefore closely comparable. The tree is only 
bare for a day or two. 

A young tree, planted in 1925 in a thicket among other 
trees which restricted its growth, did not behave at all 
regularly at first, but it appears to be settling down to a 
more regular rhythm as it grows older; it now has its 
crown clear of other trees and is growing more vigorously, 
but has not yet begun to flower. It does not change its 
leaves at the same time as the old tree. 

In De Tropische Natuur, XXIII (1934), p. 244, it is 
recorded that the Couroupita trees at Buitenzorg change 
their leaves in March-April and September-October, thus 


Vol. XL (1U0). 


136 


agreeing with the old Singapore tree. Mr. Ahmadi, 
Superintendent, Municipal Gardens, Bombay, informs me 
that the Couroupita trees in the Victoria Gardens, Bombay, 
change their leaves regularly in March and October. This 
regularity of behaviour in such different climates is 
remarkable. 

The observed dates of leaf-renewal of the young tree 
in Singapore were as follows: 



Months 


Months 

19. 4.32 . . 

.. — 

9. 7.36 .. 

7-9 

7. 1.35 .. 

8-5 

25. 1.37 . . 

6-5 

27. 1.34 .. 

.. 127 

20. 7.37 .. 

5-9 

23. 5.35 . . 

2X7-9? 

15. 8.39 .. 

4X6-2? 

13.11.35 . . 

.. 57 

22. 2.40 . . 

6-2 



18. 8.40 . . 

. . 59 

The data for the old Singapore tree are as 

follows. 


Months 


Months 

15. 9.29 .. 

.. _ 

8. 9.33 . . 

5-6 

23. 3.30 . . 

6-3 

19. 3.34 .. 

. . 6-4 

16. 9.30 .. 

. . 5-8 

7. 9.34 . . 

.. 5-6 

22. 3.32 .. 

. . 6-1 

12. 3.35 . . 

. . 6-2 

18. 9.31 .. 

5-9 

15. 9.35 .. 

6-1 

5. 3.32 .. 

.. 5-6 

25. 3.36 .. 

6-3 

10. 9.32 . . 

. . 6-2 

5.10.36 .. 

. . 6-4 

19. 3.33 . . 

.. 6-3 

17. 4.37 .. 

. . 6-4 



12. 9.37 . . 

.. 4-8 

16 periods. 
Mean period: 

6-0 months. 



Extremes: 4-8 

and 6-4 months. 



Standard deviation: -43 month 

or 7-2%. 


Mean dates: 15 March and 20 September. 



Cratoxylon formosum (Jack) Dyer. 

Two trees of this species, in different parts of the 
Botanic Gardens, Singapore, have been kept under observa¬ 
tion from 1927 onwards. As shown below, their periods 
have been closely similar, and on the whole very regular, 
averaging about 9 months, but the trees are quite apart in 
their dates of leaf-renewal. The behaviour of these trees 
is in my opinion one of the most remarkable examples in 
the series of observations recorded in this paper. 

A tree of this species in the Waterfall Gardens, Penang, 
has been noted by me during visits in January and February 
1931, 1932, 1933, 1935, 1936, 1937 and 1939. In each of 
these years the tree has renewed its leaves about the end 
of January ( i.e . in the dry season). It is possible of course 
that this species is one that varies considerably in its leaf- 
periods from tree to tree, but the difference of behaviour 
in the seasonal climate of Penang seems to me likely to be 
significant. 
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The dates of leaf renewal of the Singapore trees have 
been as follows. 


A 

Months 

B 

Months 

1. 9.27 .. 

— 

6. 2.28 . . 

_ 

10. 6.28 .. 

!! 9-3 

21.10.28 . . 

*. 8-5 

17. 3.29 . . 

. . 9-2 

30. 6.29 .. 

. . 8-3 

23. 2.30 . . 

. . 11-2 

7. 4.30 .. 

9-2 

27. 9.30 . . 

7-2 

12. 1.31 . . 

9-2 

1. 8.31 . . 

. . 10-1 

11.10.31 .. 

. . 9-0 

1. 4.32 . . 

. . 8-0 

3. 8.32 . . 

. . 9-7 

11.12.32 . . 

8-3 

16. 4.33 . . 

.. 84 

13. 9.33 . . 

91 

1. 2.34 . . 

9-5 

end June 1934 

. . 9-4 

30.12.34 . . 

. . 10-9 

25. 3.35 . . 

9-0 

12. 9.35 . . 

.. 8-5 

16.11.35 .. 

7-7 

26. 5.36 . . 

. . 8-5 

20. 9.36 . . 

. . 10-1 

8. 3.37 . . 

. . 94 

19. 7.37 .. 

. . 10-0 

2.10.38 . . 

2 X 94 

8. 3.39 . . 

2 X 9-9 

10. 7.39 . . 

9-3 

Mean period: 9-1 months. 

Mean period: 9-1 

months. 

Extremes: 7-2 and 11-2 months. 

Extremes: 8-3 and 10-9 months. 

Standard deviation: 

1-09 month 

Standard deviation: -74 month 

or 12-0%. 


or 8-1%. 



Delonix regia (Boj.) Raf. (Poinciana regia Boj.). 

An old tree of this species was under observation 
between 1928 and 1936, over eleven leaf-periods. As noted 
in my earlier paper, leaf-renewal is slow, and it is 
impossible to give accurate dates, or dates which are strictly 
comparable from one leaf-period to another. It is however 
evident that the mean period of the tree is in the neighbour¬ 
hood of 9 months. After a lapse of 3 years without 
observations the tree was noted as in new leaf in June, 
1939, which agrees with the last observations of July, 1936 
(4 periods of 8*8 months occupying 2 years 11 months). 

Trees of Delonix regia are commonly planted in 
Singapore, but even those planted simultaneously do not 
always keep in step together. It takes them a few years 
to develop a regular leaf rhythm, and this may perhaps 
change gradually with the age of the tree. Observations 
on this point, made on a group of young trees planted 
together, would be of great interest. It would be necessary 
however to treat all trees alike as regards cultivation (see 
Kigelia). 

As noted in my earlier paper, some Delonix trees may 
be seen in flower at any time of the year in Singapore, but 
it appears that at some seasons flowering is more abundant 
than at others. Possibly the climatic conditions at the time 
when flower buds are produced may be responsible for this; 
i.e. it may be that trees which are bare during wet weather 
produce fewer flower-buds than those which are bare during 
dry weather. There is however no proof of this. At 
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Penang a Delonix tree renewed its leaves in January, 1931, 
1932 and 1933. Further Penang records are desirable. 
The Singapore tree has renewed its leaves as follows. 

Months Months 


24. 6.28 .. 

. . — 

Jan. 1933 

30. 3.29 . . 

. . 9-2 

Aug. 1933 

22.12.29 .. 

8-7 

Mar.-Ap. 1934 

10.11.30 .. 

.. 10-6 

Jan. 1935 

1. 7.31 . . 

7-7 

Sept.-Oct. 1935 

March 1932 . . 

8- 

July 1936 


Mean period: 8-8 month. 

Standard deviation: -94 month or 10-7%. 


10 - 

8 - 

8 

8 

8 

9 


Dyera costulata Hook. fil. 

As reported in 1931, two trees of this species have 
been under observation. Leaf-renewal tends to be at 
rather irregular intervals, somewhat as in Hevea. On the 
big tree, which has two main trunks, leaves are sometimes 
renewed on a few branches only, or on one main branch 
system, between general renewals. New leaf growth 
occurring in the wet season (October, November) has in 
all cases preceded fall of the old leaves; at other times the 
old leaves have fallen before the new leaves began to 
unfold. 

The big tree has had complete leaf-changes at intervals 
of from 3 to 11 months, sometimes with partial changes in 
between. Out of the 18 such periods, 9 have been about 6 
months, 4 considerably less than 6, and 5 considerably more. 
A comparison with rainfall records indicates that there is 
some tendency for leaf-fall to follow dry weather; but this 
does not invariably occur. As above remarked, new leaves 
sometimes appear before the old leaves have fallen; in four 
such cases (all those noted) the period since the preceding 
leaf-fall was almost exactly six months. In other cases, 
under apparently similar conditions, no leaf-renewal has 
been recorded, and the old leaves appear to have persisted 
for 10 or 11 months (1931-32, 1934-35 and 1938-39). 
Where new leaves appear before leaf-fall, the old leaves are 
always shed within about two weeks following. 

The smaller tree under observation (with one trunk) 
has changed its leaves rather regularly each year about 
March-June. In 3 years (1928, 1929, 1932) it has also 
changed again about six months later, but so far as my 
observations go, this has not occurred in other years. 
Taking only the changes in March to June, the mean period 
is 12-3 months, and the standard deviation -84 month 
(6-8%). This tree also occasionally produces new leaves 
on a few branches without a general renewal. When new 
leaf growth was general in November, 1932 it was not 
preceded by leaf fall. 
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Dyera trees are fairly frequent in the Gardens Jungle, 
and they tend to change their leaves at the same time, 
though they do not always behave alike. The two trees 
under observation have changed their leaves simultaneously 
(or approximately so) on the majority of occasions, but 
on others have been curiously diverse in behaviour. The 
following are dates of general changes only. 


Large Tree 




Small Tree 




Months 


Months 

6. 9.27 



— 

17. 3.28 . . 

. , — 

17. 3.28 



6-4 

11. 9.28 .. 

.. 5-7 

14. 6.28 



2*9 

14. 4.29 .. 

7-1 12*9 

6. 4.29 



9-7 

3.11.29 . . 

.. 6*7 

20.10.29 



6*5 

25. 5.30 .. 

6*7 13*3 

25. 5.30 



7*2 

1. 6.31 . . 

. . 12*2 

1.10.30 



4*2 

22. 5.32 .. 

.. 11*7 

2. 6.31 



8*0 

3.11.32 . . 

5*4 

12. 4.32 



10*3 

21. 4.33 . . 

. . 5*6 11*0 

20.10.32 



6*3 

21. 5.34 .. 

.. 13*0 

7. 8.33 



9*5 

25. 4.35 .. 

. . 114 

21. 5.34 



9*5 

4. 5.36 . . 

. . 12*3 

3. 5.35 



11-4 

14. 5.37 . . 

. . 12*3 

9.11.35 



6*2 

23. 6.38 . . 

. . 13*3 

31. 5.36 



6*7 



3.12.36 



6-1 



3. 6.37 



6*0 



25. 9.37 



3-7 



23. 6.38 



8*9 



Erythrina lithosperma Miq. 



Trees of 

this 

species in 

Singapore are 

remarkably 


constant in flowering in December and January, towards 


the end of the wet season. The trees are not deciduous, 
but this flowering appears to be connected with new 
vegetative growth which takes place early in the wet season, 
the onset of which is rather regular about October. I have 
no full record of the behaviour of one of these trees 
throughout the year, and only enter this observation here 
as the flowering of Erythrina lithosperma is one of the most 
regular seasonal phenomena in Singapore. The trees are 
not very showy nor abundant. 


Fagraea fragrans Roxb. 

As reported in this Bulletin, Vol. IX pp. 73-78 (1935), 
trees of this species, which are abundant in Singapore, 
flower gregariously about May every year. The trees are 
evergreen, and their vegetative growth is practically 
continuous, but their flowering is such a regular pheno¬ 
menon that it should be mentioned here. The height of 
the flowering period, which lasts about 2-3 weeks, occurs 
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approximately four months after the end of the wet season, 
when the first dry period occurs. A week of dry weather, 
with no more than about -1 inch of rain, following much 
wetter weather, appears to .stimulate the formation of 
flower buds. Fruits ripen about 3y 2 months after flowering. 
There tends to be a small flowering about October- 
November, but this is irregular, and a few flowers may 
occur on isolated trees also at other times, but no general 
flowering of all trees. 

Ficus caulocarpa Miq. 

The tree reported upon in 1981 (under the name 
F. glabella) has been under observation since that time and 
has renewed its leaves three times each year, except 1935 
and perhaps 1938, in which it changed four times. The 
causes of the length of the individual periods are doubtless 
complex, but it is fairly clear in a few instances that 
distribution of rainfall has had an influence. 1931 was a 
very wet year, and the long leaf-period was longer than 
usual; this was probably the cause of an unusually late 
first change in 1932. In 1934 December was unusually dry, 
and this probably accelerated the first change in 1935: but 
why the next period should have been so very short is not 
at all clear. In several years there is a definite succession 
of periods, approximately to 3, 4 and 5 months, but in 
other years this succession is much less distinct. The mean 
dates of leaf renewal (1928-37), are 12 February, 9 June 
and 8 November (giving intervals of 96, 117 and 152 days), 
the standard deviations being 19, 22 and 17 days; these 
deviations are distinctly high as compared with those shown 
by most of the deciduous trees here reported. 

The amount of rain falling during a leaf-period bears 
no relation to the length of the period; I have also compared 
the rainfall from 14 days before the end of one period 
to 14 days before the end of the next, but this also shows 
no correlation with length of period. 

Another younger tree, about a mile away, was under 
observation for a time, but probably not all changes were 
observed. Leaf-renewal dates were noted for this tree on 
7 occasions between November, 1934 and June, 1937. The 
differences in time between the nearest leaf-renewals of the 
Gardens tree were 13, 23, 33, 32, 15, 13 and 53 days. 

A young plant of the same species, which had started 
epiphytic growth on an old tree in the Gardens, changed 
its leaves once simultaneously with the large tree, but on 
two other occasions at times 40 and 41 days different. 

It thus appears probable that the factors controlling 
leaf-fall and leaf-renewal in this species are complex and 
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vary from tree to tree. They are certainly not simply 
related to climatic conditions. It is possible that fruiting 
may influence the length of leaf-period; it seems to be rather 
infrequent, and the small figs are not easily observed on 
the high branches of the Gardens tree. Unfortunately I 
have no records of fruiting. 

The dates of leaf-renewal observed are as follows:— 


1927 




15 

Oct. 

1928 .. 

. . 29 Jan. 

3 June 


4 

Nov. 

1929 

.. 3 Feb. 

17 May 


20 

Oct. 

1930 . . 

.. 23 Jan. 

8 June 


11 

Nov. 

1931 

. . 10 Feb. 

28 June 


2 

Dec. 

1932 . . 

12 March 

1 July 


9 

Nov. 

1933 .. 

. . 16 Feb. 

3 July 


29 

Oct. 

1934 . . 

.. 3 Feb. 

19 May 


2 

Nov. 

1935 . . 

. . 20 Jan. 

7 April 

14 July 

5 

Dec. 

1936 . . 

.. 24 March 

10 July 


30 

Nov. 

1937 .. 

. . 17 Feb. 

27 May 


20 

Oct. 

1938 

unrecorded 


20 Aug. 

31 

Dec. 

1939 .. 

. . 24 April 

27 June 

2 Sept. 



1940 .. 

. . 25 Jan. 

13 June 





Ficus variegata Bl. 

This is a common species in Singapore, and seedlings 
are abundant in the Botanic Gardens. A tree was men¬ 
tioned in my 1931 paper under the name F. poly syce. 

This tree appeared at first to have a period of six 
months, but later proved to have a rather longer period, 
showing an average of 6-5 months, with standard deviation 
of -84 or 12-9%. Its most peculiar behaviour was in 1932, 
when, having renewed its leaves in March, it persisted until 
November with the next crop of leaves, and then changed 
again in June 1933, the only leaf-renewal in that year. 

A second tree, observed (with two gaps) from 1929 
to 1939 was rather less regular, as shown below. Two other 
trees, observed only from 1932 and 1933, have shown 
greater regularity, with a less tendency so far to exceed 
a six months average. Mr. Corner has pointed out to me 
that the first mentioned tree is a male tree (figs contain 
male and gall flowers only) and one of the last two trees 
is female. 

It was mentioned in 1931 that the male tree bore six 
crops of fruits in a year. The females trees under observa¬ 
tion bear less frequent fruit crops (3 to 4 in a year), but 
in neither case could any relation between fruiting and leaf 
change be noted. The trees are cauliflorous, belonging to 
the subgenus Neomorphe. (For further information on 
this species, see Corner's paper in Journ. Malayan Branch 
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R. Asiatic Soc. XI: 48—52. 1933). The dates of leaf-renewal 
of the four trees and their leaf-periods in months are as 
follows:— 


A 



B 





Months 



Months 

12. 8.28 


— 

25. 8.29 


_ 

6. 1.29 


.. 4-8 

2. 3.30 


!! 6-2 

14. 7.29 


6-3 

7. 4.31 


2 X 66 

7. 2.30 


.. 6-7 

Oct. 1931 


6- 

5. 8.30 


6-0 

22. 5.32 


. . 7* 

8. 2.31 


61 

23.10.32 


5-0 

20. 8.31 


. . 64 

Feb. 1933 


4- 

6. 3.32 


. . 6-5 

27. 8.33 


6- 

Nov. 1932 


8- 

4. 3.34 


. . 6-2 

11. 6.33 


7- 

18. 9.34 


6-5 

26. 1.34 


. . 7-5 

31. 3.35 


. . 64 

6. 9.34 


7-3 

Nov. 1935 


7- 

15. 3.35 


. . 6-3 

June 1936 


.. 7- 

Oct. 1935 


7- 

20.11.36 


5- 

April 1936 


6- 

1. 6.37 


64 

30.10.36 


6- 

13.12.38 


3 X 6-1 

12. 5.37 


. . 6 4 

June 1939 


.. 6- 

11.10.38 


3 X 5-7 




11. 5.39 


.. 7-0 




C 



D 





Months 



Months 

21. 1.33 


.. — 

9. 8.32 


. . — 

25. 1.34 


2 X 64 

14. 1.33 


. . 5-2 

15. 8.34 


6-5 

Feb. 1934 


2 X 6-5 

22. 1.35 


5-2 

21. 8.34 


6- 

19. 7.35 


.. 6-0 

18. 2.35 


6- 

11. 2.36 


. . 6-8 

6. 8.35 


. . 5-6 

Sept. 1936 


. . 7- 

22. 3.36 


7-5 

March 1937 


. . 6- 

Sept. 1936 


6- 

end Aug. 1937 


5- 

30. 3.37 


. . 6- 




end Sept. 1937 


. . 6- 




30. 9.38 


2X6. 




13. 3.39 


54 


Mean periods: A, 6*5; B, 6-4; C, 6-1; D, 6-1 months. 
Standard deviations: A, -84; B, -85; C, -65; D, -62 month. 
Coefficients of variation: A, 12-9%; B, 13-3%; C, 10-7%; 
D, 101%. 

Heritiera elata Ridl. 

A record of a leaf-period of nearly two years for 
a tree of this species was reported in my former paper. 
Subsequently there was a gap of four years in observations, 
and then three more periods, successively of 17, 22 and 
20 months were recorded. The tree is usually not bare 
before new leaf-growth occurs; the new growth is conspicu¬ 
ous because of its pale colour. Flowering occurs on the 
old wood, usually during the period of new growth, but 
may perhaps (as with H. macrophylla) occur at other times. 
The tree is a very tall one, remaining from primitive forest. 
A young tree, about 100 yards away, was observed to make 
new growth at the same time as the old tree in 1940. 
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The periods seem rather unequal in length, but the 
standard deviation is not excessive as compared with other 
trees. All recorded cases of leaf-renewal have occurred 
after unusually dry periods. This tree is probably one 
with a naturally long leaf-period (though the period is less 
than that of H. macrophylla ) which is rather much 
influenced by climatic change occurring towards the end 
of its normal leaf-period. Observations of leaf-renewal are 


as follows. 

Months 


Months 

17. 3.29 . . 

— 

March 1935 

_ 

19. 2.31 . . 

! 23 

Aug. 1936 .. 

!! 17 



1. 6.38 . . 

. . 22 



31. 1.40 . . 

.. 20 


Mean period: 20-5 months. 

Standard deviation: 2-6 months or 12-7%. 


Heritiera macrophylla Wall. 

A small but quite vigorous tree of this species, which 
is native in Burma has been under observation since March 
1929. It has an exceptionally long leaf-period, more than 
21/2 years on four successive occasions. Leaf-fail is 
prolonged over perhaps two months or more, at first slow, 
then progressively more rapid. Leaf-renewal is quite rapid, 
and is complete in a few weeks. In one case leaf-renewal 
took place on one branch after another over a period of six 
months instead of on all branches together. 

It is notable that the Malayan species H. elata also has 
a long leaf-period. It would be interesting to have records 
of the widely distributed coastal tree H. littoralis; also to 
know something about the behaviour of H. macrophylla in 
its native climate. 

The dates of leaf-renewal of the tree of H. macrophylla , 
and lengths of leaf-periods, are as follows. 

Months 

32 

31 (to 37 months) 
31 
334 


10.12.31 
14. 7.34 
18. 2.37 
30.11.39 


to Jan. 1935 


Hevea braziliensis Muell.-Arg. 

The four trees mentioned in my earlier paper have 
been kept under observation since that time. Three of 
them illustrate the usual behaviour of Hevea trees in 
Singapore, namely response to dry weather whenever it 
comes, and consequent irregularity of leaf-renewal. The 
two larger trees have sometimes changed their leaves 
completely at the same time; sometimes a complete change 
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by one tree has been accompanied by a partial change in 
the other. The summary, printed below, though incomplete, 
gives a sufficient record to illustrate their behaviour. 

One of the young budded trees, recorded in the previous 
paper as never undergoing a complete leaf change, but 
always changing leaves on a branch (or a few branches) 
at a time, continued to behave in the same way for some 
time afterwards. It was later once observed to change all 
its leaves simultaneously, but no full records have been kept. 
It may show a greater tendency to complete change as it 
grows older. 

The other young budded tree, reported in 1931 as 
having renewed its leaves completely three times, has 
consistently continued this habit, with a period which 
appears to be significantly more than 12 months, the mean 
for nine periods being 13-3 months, with standard deviation 
of only 6-5%. The leaves of this tree are small, and it may 
be a morphologically distinct variety. 

It is interesting to compare these observations with 
those of Schweizer {Mitt, der Naturforsch. Ges. Bern, 
1932, pp. 1-8) at Djambi in Java, where there is a regular 
dry season. Leaf change of the Hevea trees at Djambi is 
related to the onset of the dry season, but some trees are 
always earlier or later than others in leaf-renewal. 
Characters of earliness or lateness are shared by all trees 
of the same clone. One tree was found to change its leaves 
frequently, a branch at a time ; after manuring with 
Ammonium sulphate, the leaves all fell together, rather late, 
at the next dry season, but after two years the tree resumed 
its irregular habit. 

Schweizer defoliated certain trees (the behaviour of 
which had been previously recorded) at various times in 
relation to the season of leaf-change. If the trees were 
defoliated more than 5 months before normal leaf-change, 
they produced new growth and the next change occurred at 
the usual time. If defoliation was carried out only 2-3 
months before the date of normal leaf-fall, the subsequent 
leaves remained on the tree up to 3 months after the usual 
date of change. That is, the minimum life of Hevea leaves 
appears to be 4-5 months. 

In Singapore, dry weather is irregular in its occurrence 
(see introductory remarks in this paper) and it seems 
probable that any dry period will affect some Hevea trees 
which have leaves more than 4-5 months old. If the dry 
weather is severe, all the leaves on the tree may fall; if 
not severe, only the oldest leaves. As there are few budded 
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trees in Singapore, the behaviour of the trees is very 
irregular, and after every dry period some trees may be 
seen with autumn colours or bare branches. 

For other examples of irregular leaf-change, see 
Sterculia carthaginensis and Mangifera indica. 

The single regular tree has shown the following 
succession of leaf-periods. 


22. 7.28 . . 

Months 

25. 2.34 . . 

Months 

. . 15-0 

1. 9.29 .. 

’. *. 13-3 

20. 3.35 .. 

. . 12-8 

22. 9.30 . . 

. . 127 

April 1936 .. 

. . 13- 

27. 9.31 . . 

. . 12-2 

7. 5.37 .. 

. . 13- 

27.11.32 . . 

. . 14-0 

8. 7.38 .. 

. . 140 


Mean period: 13-3 months. 

Extremes: 12-2 and 15 months. 

Standard deviation: -86 month or 6-59L 

Partial or complete (full) changes of leaves of the 
two large irregular trees were observed as follows: 

Tree M Tree W 


1927 

Nov. 

part 

Aug. full 

1928 .. 



March part 

1928 .. 

Aug. 

full 

Aug. part 

1929 

April 

part 

March full 


Sept. 

part 


1930 ., 

March 

full 

March full 

1931 

May 

part 

July full 


Aug. 

part 


1932 

March 

full 

unrecorded 


Oct. 

part 


1933 

.. Feb. 

full 

Jan. full 


Aug. 

full 


1934 .. 

unrecorded 

unrecorded 

1935 

Feb. 

full 



Oct. 

full 

Oct. full 

1936 .. 

Aug. 

part 

unrecorded 

1937 .. 

March 

full 

March full 


Homalium grandiflorum Benth. 

A tree of this species, which is native from Tenasserim 
southwards, has been under observation from 1932 to 1939, 
all leaf-changes except one having been observed. It will 
be seen that all periods were more than a year, the shortest 
being 12-5 months; one period of 17*5 months was however 
much longer than the others. It is not obvious why this 
very long period should have occurred. 1934 was a wet 
year (115 inches), but April, May and June, when leaf-fall 
might have been expected, were the driest months. Leaf- 
renewal took place after only 12-6 months on 30 December, 
1936, though October and November had been wet months. 

This tree flowers very rarely, with the new leaves. 
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Only one flowering was observed in the period under review. 
The observed dates of leaf-renewal are as follows:— 


8. 2.32 .. 

Months 

— 3.12.36 . . 

Months 

. . 12-6 

5. 4.33 . . 

. 12-9 

18. 2.39 .. 

. 2 X 13-3 

20. 9.34 .. 

.. 17-5 

6. 3.40 .. 

.. 12-6 

14.11.35 .. 

Mean period: 13-7 
Standard deviation 

. 12-8 
months. 

: 1-9 months, or 13-9%. 



Hymenaea courbaril L. 

A fine tree of this West Indian species has been under 
observation since 1927 and was reported upon in my earlier 
paper. It is never bare of leaves, but it has produced new 
leaves regularly every year in January or February, 
simultaneously with the fall of the old leaves. Flowering 
follows, at the end of the new growth, in May or early June, 
and the fruits ripen and fall towards the end of the year. 
Exact dates are difficult to record with this tree, as new 
growth often begins on one branch and gradually spreads; 
but the tree is undoubtedly very regular in behaviour. 
There are indications that early or late ending of the wet 
season influence the time of leaf-renewal. Thus in 1928 
wet weather persisted until February and new leaf-growth 
was not observed until 19th February. In 1930 new growth 
was observed on 12th January, following a dry December. 
In 1931 January was wet throughout, and the first new 
leaves were seen on 22nd February. 

It is evident however that all trees of this species do 
not behave alike. In 1931 I reported on a tree that had 
flushes of new leaves on various branches in turn through¬ 
out the year, though occasionally renewing its leaves almost 
entirely at about the same time as the first tree. A third 
tree has since been noticed, which renewed its leaves in 
September 1935 and 1936. This tree renewed its leaves at 
the same time as the first, in February, 1940. 

Kigelia pinnata DC. 

A tree of this African species, reported upon in 1931, 
has continued very regular in its behaviour, renewing its 
leaves rapidly in January or February each year, the mean 
date being 22nd January. As will be seen below, the 
standard deviation is very small; this is particularly signifi¬ 
cant, as the time of leaf-renewal is more sharply defined 
than in some other trees, and so the dates are more strictly 
comparable. Leaf-fall is complete within a fortnight, and 
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new growth usually begins just before the tree is bare. 
Flowering takes place on the old wood, sometimes just before 
leaf-fail, but more usually within two months afterwards. 
The flowers (which are open at night) are regularly 
visited by the local bats, but fruits are not set very freely. 

A very interesting comparison of behaviour is provided 
by some young trees, raised from seeds obtained from 
Africa. These trees were planted out, as young seedlings, 
on 19th October, 1931. They dropped their leaves and made 
new growth, in November, 1932, November, 1933 and 
November, 1934. Then in March, 1935 they were dug and 
manured, and they made new growth in April, dropping the 
old leaves soon after. Leaf-fall and new growth subse¬ 
quently took place in April, 1936 and April, 1937. This 
appears to indicate that the species tends to keep very 
accurately to a 12-month period, but that stimulus to root 
activity may induce premature new growth. Schweizer 
found that manuring of Hevea trees affected their subse¬ 
quent leaf-fail and leaf renewal (see Hevea braziliensis). 

Though the first Kigelia tree has been very regular 
in its time of leaf-renewal, it has varied a little with the 
time of onset of drier weather after the wet season. Thus 
it was very early in January, 1935 after the unusually dry 


December, 1934. 

Months 


Months 

10. 2.29 .. 

— 

14. 1.34 .. 

.. 120 

17. 2.30 . . 

1 ’. 122 

5. 1.35 .. 

. . 117 

10. 2.31 .. 

. . 11*8 

13. 2.36 . . 

. . 133 

27. 1.32 .. 

.. 11-5 

5. 2.37 . . 

.. 11-7 

14. 1.33 .. 

.. 114 

15. 1.39 . . 

2 X 11*7 


Mean period: 11-9 months. 

Extremes: 11-4 and 13-3 months. 
Standard deviation: -57 month or 4-8%. 
Mean date: 28 January. 


Koompassia malaccensis Benth. 

An old tree of this species, remaining from former 
primitive forest, was reported in 1931 to have renewed 
its leaves in three successive years in the month of 
September. This regularity subsequently changed, leaf- 
renewal being deferred until 8 November in 1930. In that 
year August was exceptionally dry, but there was a good 
deal of rain from September onwards, and possibly this wet 
weather was the cause of deferred leaf-fail. The next year 
leaf-renewal took place in December; then in 1933 there 
was no leaf-change at all, the next being in March, 1934. 
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After that there are two gaps in observations, dates noted 
being 17 May, 1936, 8 July, 1938, 15 June, 1939 and 12 
May, 1940. 

The mean period for 12 periods has been 12-7 months 
and the standard deviation not abnormally large; but I 
think that the incidence of dry weather or rain has consider¬ 
able influence. Thus, once leaf-fall became deferred from 
September into the wet season, it became later and later, 
extending to March in 1934 when January and February 
were both very wet. In 1936 February was dry, but March 
very wet. New leaf-change is likely to continue about June 
and July, when fairly dry weather is frequent, for some 
years. If it does so, the mean period of 12*7 months will 
be seen to be too high. The rather early change in 1940 
was probably due to unusual dry weather early in the year. 

There is another tree of this species, beside a road 
outside the Gardens, doubtless also a relic of the former 
forest, which appears to have shorter and less regular 
periods, but I have not adequate observations on this tree. 

The dates of leaf renewal, and the intervening periods 
in months, are as follows:— 


17. 9.27 . . 

Months 

18. 3.34 . . 


Months 

. . 14-8 

11. 9.28 . . 

.' .* 11-8 

17. 5.36 . . 

2 

X 13-0 

8. 9.29 . . 

. . 11-9 

8. 7.38 .. 

2 

X 12-9 

21. 8.30 . . 

. . 11-5 

15. 6.39 .. 


.. 11-2 

8.11.31 . . 

. . 14-5 

12. 5.40 .. 


. . 10-9 

25.12.32 . . 

. . 13-4 





12 periods. 

Mean period: 12-7 months. 

Extremes: 10-9 and 14-8 months. 

Standard deviation: 1*36 months or 10-7%. 

Lagerstroemia flos-reginae Retz. 

The same two trees mentioned in my earlier paper 
were kept under observation until 1937. The older tree 
continued to renew its leaves first on the lower branches. 
The early stages of growth of new shoots are very gradual 
and it is not easy to fix exactly comparable dates, even for 
the same branch. Part of the variation shown therefore 
may be due to this cause; but still it is not larger than in a 
number of others. 

The smaller tree continued as before to change the 
north side at a different time from the south, though the 
matter was later somewhat complicated by the development 
of a small central part which was more or less intermediate. 
The origin of this behaviour can probably be traced to the 
fact that when the tree was first planted a larger tree stood 
near it on the north side, shading that side considerably. 
The north side of the tree, as shown in the table below, 
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had a somewhat longer average period and a somewhat 
greater standard deviation. The two sides were near 
together in 1927 (only a month apart) but the north side 
gradually lagged behind, at the end of 10 years being six 
months later than the south side. 

A number of young trees of this species were planted 
out by one of the roads in Singapore about 10 years ago. 
At first most of these trees flowered about the same time, 
but later flowerings have shown increasing differences from 
tree to tree. It seems probable that each tree, according to 
its nature and surroundings, develops a fairly constant 
period of its own, and that there are small significant 
differences of period from tree to tree. 

A tree in Penang renewed its leaves in 3 successive 
years in January or February. It is likely therefore that 
this species is sufficiently influenced by the regularity of 
climate at Penang to change its leaves at the dry season 
every year. Further observations on this point are now 
in progress. 

The behaviour of the two Singapore trees is indicated 
by the following data: 


Smaller tree 
north side 


20. 

8.27 

Months 

10. 

6.28 

! * 9-7 

21. 

4.29 

.. 104 

23. 

2.30 

. . 10-1 

25.11.30 

.. 9- 

6 . 

9.31 

.. 94 

5. 

6.32 

9-0 

12. 

3.33 

. . 9-2 

1 . 

1.34 

8-6 

15. 

4.35 

2 X 7-8 

20. 

8.37 

3 X 9-4 


Mean period: 9-2 
months. 

Standard deviation: 
•88 months or 9-6%. 


Smaller tree 
south side 


20. 7.27 

Months 

12. 5.28 

’. ’. 9-8 

10. 3.29 

. . 100 

17.11.29 

8-2 

1. 9.30 

9-4 

3. 5.31 

8-1 

12. 2.32 

9-3 

20.11.32 

9-3 

30. 7.33 

8-3 

30.12.34 

2 X 8-5 

8.10.35 

9-3 

9. 7.36 

9-0 

24. 2.37 

7-5 


Mean period: 8-9 
months. 

Standard deviation: 
•77 months or 8-7%. 


Old tree 


3. 9.27 . 

Months 

27. 5.28 . 

1 8-8 

10. 3.29 . 

9-5 

17.11.29 . 

8-2 

29.10.30 . 

. 11-4 

15. 6.31 . 

7-6 

27. 3.32 . 

9-4 

18.12.32 . 

8-7 

24.10.33 . 

. 102 

15. 6.35 2 

X 9-8 

24. 2.36 . 

. 8-3 

Dec. 1936 

. 95 

Oct. 1937 . 

. 10- 

Mean period: 9*4 

months. 

Extremes: 

7*6 and 

11-4 months. 

Standard deviation: 

•99 months or 10-5%. 


Lecythis sp. 

The tree of this species (probably L. ollaria L.) briefly 
reported upon in my previous paper has now completed 11 
periods in almost exactly 11 years, with a standard deviation 
of only -71 month; it is thus one of the most regular trees 
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under observation. The fluctuations from year to year are 
not large, the longest period being 13*3 months and the 
shortest 11 months. I can see no correlation between 
rainfall records and these late or early leaf-changes. 

The leaves of this tree turn rather bright yellow quite 
suddenly, and are all fallen in 2-3 weeks. New buds begin 
to open as soon as the tree is bare, or sometimes before all 
the old leaves have gone. The dates given are therefore 
closely comparable. This tree has never flowered, though 
it is fully mature. 

A small tree, probably of the same species, planted 
near the former tree on 24th February, 1928, renewed its 
leaves about February 1931, 1932 and January, 1933. 
Subsequently it was dug and manured (no exact records 
kept) on more than one occasion and subsequent changes 
were irregular. It will now again be brought under 
observation. 

The dates of leaf change of the older tree are as 
follows:— 


8.7.28 

Months 

16.9.34 

Months 

.. 12-3 

18.8.29 

. . 13-3 

21.8.35 

.. 11-2 

8.8.30 

. . 11-7 

28.8.36 

.. 12-2 

30.8.31 

. . 12-7 

29.7.37 

.. 11-0 

16.9.32 

.. 12-5 

20.7.38 

.. 11-7 

7.9.33 

. . 11-7 

30.6.39 

.. 11-3 

Mean period: 12-0 months. 
Mean date: 11 August. 
Standard deviation: -71 month 

or 5-9%. 



Mangifera foetida Lour. 

A tree of this species grows beside my house and has 
been under observation since 1927 except during absences 
in 1930, 1934 and 1938. It is not deciduous but has 
presented a rather regular behaviour as regards leaf- 
renewal and is worth recording. When new growth occurs, 
each twig produces either new leaves or flowers, or both. 
In one case only new leaves were produced and then a 
general flowering occurred three months later; in another 
case a general growth of new leaves followed a month 
after a general flowering. The usual procedure however 
is for leaves and flowers to be produced simultaneously, 
and the records below are for such (except that of 20th 
April, 1935 when no flowers were produced). It will be 
seen that the tree is less regular than some of the deciduous 
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trees, but has a standard deviation of only 116%, thus 
indicating the probability of a leaf-renewal not altogether 
dependent on climatic factors. The old leaves do not fall 
immediately the new begin to develop, as in Mangifera 
indica; an inspection of the tree shows that on some twigs 
leaves persist for at least 2^2 years, while on others less 
than 18 months. The actual dates of general leaf-renewal 
are as follows: 


23. 

9.27 .. 

Months 

26. 2.33 ,. 

Months 

9-7 

24. 

6.28 .. 

90 

5.11.33 . . 

.. 8-3 

3. 

2.29 .. 

. . 7-4 

20. 4.35 .. 

.. 17-5 

18. 

8.29 . . 

. . 6-5 

27.12.35 . . 

. . 8-2 

23. 

3.30 .. 

. . 7-2 

1. 8.36 . . 

7-1 

6. 

9.31 . . 

. . 17-5 

1. 4.37 .. 

8-0 

5. 

5.32 . . 

8-0 

23. 9.38 . . 

.. 17-7 


Assuming 16 periods: mean period is 8-25 months. 

Standard deviation: -96 month or 11-6%. 

Mangifera indica L. 

The two trees by the lake in the Botanic Gardens, 
mentioned in my previous paper, were kept under observa¬ 
tion until 1937. After 1930 the trees rarely changed their 
leaves completely, but usually changed on a group of 
branches at a time. Change, whether partial or complete, 
usually took place simultaneously on the two trees, but 
sometimes one tree had a partial change, while the other 
did not. Leaf-fall always accompanies leaf-renewal, and 
never precedes it, so that the trees are never bare. 

Flowering is rare, having occurred three times only in 
10 years. There may have been a few flowers at other 
times, but no general flowering. As in other countries, 
flowering appears to be quite independent of leaf change. 
Flowering follows dry weather, but not all dry periods 
produce flowering. 

It appears that the leaves usually last 9 to 12 months, 
but may exceptionally last only 4 to 5 months on part of 
a tree. The case is evidently a complex one, and needs 
more careful observation. Though the behaviour of these 
trees may seem to be rather like that of Hevea, in the 
Mangifera leaf-renewal precedes leaf-fall, whereas the fall 
comes first in Hevea. This may mean a quite different 
mechanism of response to climatic change, but careful 
analysis of the behaviour of the trees is needed before we 
can be sure of this. Mangifera trees would be interesting 
subjects for experiment on the lines indicated by Schweizer. 
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The following table summarizes the behaviour of the 
two trees from 1928 to 1937. “Full” means a complete 
leaf-change, “part” means leaf-renewal on part of the tree 
only. 



North tree 

South tree 

Flowering 

1928 . 

. July, full 

July, full 


1929 . 

. June, full 

June, full 

3.2.29 

1930 . 

. March, full 

May, full 


1931 . 

. end May, part 

July, part 

end March, full 
July, part 


1932 . 

., April, part 

Aug., part 

April, part 

Aug., part 


1933 . 

. Feb., part 

Aug., nearly full 

Feb., part 

June, part 

Aug., part 

26.2.33 

1934 . 

. no record 

Nov., full 

25.2.34 

1935 . 

March, full 
end Oct. part 

Aug., part 

Nov., part 


1936 . 

. end March, almost full 

end March, almost full 

June, rest of tree 

Sept., part 

1937 . 

Feb., part 

April, part 

April, part 



Parishia Maingayi Hook. fil. 

A tree of this species has been observed at leaf-change 
on five occasions, but not all consecutively. It appears 
probable however that the period is well over a year, in 
the neighbourhood of 15 or 16 months. I do not think it 
possible that the period is so short as half this, as the tree 
is in a fairly conspicuous place beside the potting shed at 
the Gardens, and though it was not on my regular list of 
trees, I could hardly fail to have observed it if it changed 
more frequently. It loses its leaves completely and stands 
bare for two weeks or more before leaf-renewal. 

Herbarium specimens taken from the same tree prior 
to my observation of leaf-change indicate that the tree was 
flowering on the following dates: 25th April, 1923, 17th 
June, 1926 and 29th April, 1930. These specimens were 
probably taken about a month after the opening of the new 
leaf-buds. With this assumption, the dates in 1926 and 
1930 agree with a leaf-period of about 15 months, but 
that of 1923 does not. The observed dates of leaf-renewal, 
and the estimated leaf-periods, are as follows:— 

Months Months 

20.10.32 . . — 19. 5.39 .. 2 X 15-2 

21. 7.35 .. 2 X 16-5 10. 8.40 . . .. 14-7 

10.11.36 . . . . 15-6 

Probable mean period: 15-6 months. 

Standard deviation: -96 month or 6-2%. 
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Parkia javanica (Lam.) Merr. 

The tree of this species mentioned (as P. Roxburghii) 
in my earlier paper has behaved in a more regular manner 
than any other of which records have been kept. Its 
inflorescences appear in September or October, after which 
leaf-fall begins slowly, being completed about the beginning 
of February, the fruits ripening at the same time. New 
leaf-growth begins after the tree has been bare for about a 
fortnight. The mean date of leaf-renewal is 23rd February, 
and the standard deviation only *24 month or 7 days. 

A very fine old tree of the same species in another part 
of Singapore has been observed in 1931, 1932, 1935, 1936 
and 1937 to renew its leaves in March, about a month later 
than the tree in the Gardens. The data for the Gardens 
tree are as follows: 



Months 


Months 

27. 2.28 . . 

_ 

4. 3.34 .. 

. . 12*3 

27. 2.29 .. 

*. 1 12-0 

20. 2.35 .. 

. . 116 

17. 2.30 . . 

.. 11-7 

23. 2.36 .. 

. . 121 

19. 2.31 . . 

.. 121 

15. 2.37 .. 

.. 11-7 

21. 2.32 . . 

.. 121 

1. 3.39 . . 

2 X 12-2 

23. 2.33 . . 

.. 121 



Mean period: 12-0 months. 

Mean date: 23 February. 

Standard deviation: -24 month or 20%. 


Peltophorum pterocarpum (DC.) Backer. 

Two old trees of this species, mentioned in my earlier 
paper (as P. ferrugineum ), have been regularly observed 
for 10 years, and have been very regular in their behaviour, 
the leaf-period averaging exactly six months, with standard 
deviation of less than half a month. The mean dates of 
12th February and 10th August compare with 8th February 
and 11th August for Terminalia catappa over the same 
period. 

The tree E mentioned in my earlier paper was evidently 
not in a vigorous state. Its leaf-changes were at rather 
long intervals (up to 9-5 months) and not at all regular. 
Observation of this tree was not continued. 

The young tree F behaved much more regularly after 
the two short periods of 4-4 and 4-7 months in 1929-30. If 
the observations from 15th January, 1930 onwards are taken, 
the standard deviation is only -75 month or 110%, which 
is not excessive; I think the short periods were due to 
attack by caterpillars. Possibly the tree will approximate 
to 6 months as it grows older. Compare the behaviour of 
the young tree of Couroupita. 

As noted in 1931, this species flowers at the end of the 
vegetative growth, the fruits ripening about the time of 
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leaf-fall or somewhat earlier. Flowering is sometimes 
absent, but this does not appear to affect the length of the 
leaf-period appreciably. 

The behaviour of this species in Ceylon and Java is 
evidently irregular (see my 1931 paper, p. 201, references 
to Wright and Coster). When I was in Bombay in October 
1937, I noticed that all the trees bore fruits, the result of 
flowering earlier in the year, and that most bore also some 
flowers, though not a full flowering; but there was no sign 
of new leaves. The Superintendent of the Victoria Gardens 
at Bombay kindly informs me that the trees lose their leaves 
gradually from December to February and produce new 
leaves in March. They thus renew their leaves once a 
year, in contrast to Couroupita guianensis, which changes 
twice a year both in Singapore and Bombay. I noted that 
the Peltophorum trees of Bombay were much taller than 
those I have seen in Malaya, though I could otherwise see 
no difference. It is possible that the Malayan trees belong 
to a distinct race with the peculiarity of a tendency to a 
short leaf-period. 


Tivo old 

trees 

Tree F 


Months 

M onths 

8. 1.28 .. 

— 

1. 4.28 .. .. — 

24. 6.28 .. 

.. 5-5 

11.11.28 .. .. 7-3 

3. 2.29 .. 

.. 7-3 

14. 4.29 .. .. 4-1 

21. 7.29 .. 

5-5 

25. 8.29 . . . . 4-4 

30. 1.30 . . 

6-2 

15. 1.30 . . .. 4-7 

8. 8.30 .. 

6-2 

22. 7.30 . . . . 6-2 

4. 2.31 . . 

5-9 

10. 3.31 . . .. 7*5 

23. 8.31 

6-4 

Nov. 1931 .. .. 8- 

28. 2.32 . . 

62 

26. 6.32 . . .. 7-5 

11. 9.32 . . 

6-4 

Feb. 1933 .. .. 7-4 

4. 3.33 . . 

. . 5-8 

17. 9.33 .. .. 7- 

26. 8.33 .. 

5-7 

7. 1.35 . . 2X7-8 

25. 2.34 .. 

. . 6-0 

20. 7.35 . . . . 6-5 

25. 8.34 . . 

. . 6-0 

1. 3.36 .. .. 7-4 

27. 2.35 .. 

61 

2.10.36 .. .. 7-0 

22. 8.35 . . 

5-8 

20. 4.37 . . . . 6-6 

21. 2.36 .. 

.. 6-0 

Mean period: 6-8 months. 

28. 8.36 . . 

. . 6-2 

Standard deviation: 1-27 months 

6. 2.37 . . 

.. 5-3 

or 18-7%. 

10. 8.37 . . 

6-1 

Mean period from 15.1.30 on¬ 

13. 7.38 . . 

2 X 5-6 

wards: 7-3 months. 

20. 2.39 .. 

. . 7-2 

Standard deviation: -75 month 

Mean period: 6-0 

months. 

or 11-0%. 

Standard deviation: *43 month 


or 7-2%. 



Mean dates: 12 

Feb. and 10 


Aug. 



erocarpus indicus Willd. 



There is a note about this species in my former paper 
(p. 202). I have little further to add concerning the 
periodicity of leaf-change of trees in Singapore. They are 
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certainly less regular and less free-flowering than in the 
seasonal climate of Penang; and trees in Singapore tend 
to change their leaves a branch or more at a time, often 
taking weeks or months to renew their leaves on all 
branches. Flowering follows new leaf-growth, and the 
extent of flower-bud production is probably influenced by 
climatic factors. Trees of this species in any one locality 
show a remarkable gregarious flowering which has been 
little noted in botanical literature. 

The inflorescences develop up to a stage when the 
flower buds are well grown, and then rest for a time; then 
all buds which have reached this stage will suddenly flower, 
often making a most spectacular display, lasting only a day. 
The next lot of buds will go through the same process, each 
inflorescence flowering usually in two or three stages. It 
is a remarkable sight in Penang to see many trees clothed 
almost all over with gold; the flowers are small, and in a 
full display do not show individually. 

The stimulus causing all buds at the receptive stage 
to develop is undoubtedly a fall of temperature, as in other 
cases of gregarious flowering (notably of the common orchid 
Dendrobium crumenatum ). It appears that three days only 
are needed from the stimulus to the opening of the flowers. 
The stimulus may be a sudden fall of about 10° F., such as 
often accompanies a storm during the heat of the day; 
or a cool day, in which the temperature does not rise 
appreciably above 80° F. 

All cases of flowering recorded by me in Singapore 
in the year 1940 (21 occasions) have followed three days 
after one or other of these temperature conditions. The 
sudden fall of temperature has ranged from 7° to 15° F. 
The largest flowering of all followed three days after a day 
of very uniform cool temperature. 

As an indication of the slow rate of leaf-change, and 
the dispersal of flowering of one tree over considerable 
periods, the following case is of interest. A tree near my 
house bore flowers on 21 separate occasions between 9th 
April and 20th July, 1940. Most of these were only small 
flowerings, only two involving any large part of the crown 
of the tree. In the previous year (1939) the same tree 
flowered on 8 occasions in August and September. The 
biggest general flowering of trees in Singapore in 1939 was 
in June, and in 1940 on 30th May. 

Salmalia malabarica (DC.) Schott & Endl. 

The two trees reported on in 1931 (under the name 
Bombax malabaricum) have been kept under observation, 
and have continued to behave in a similar manner, the upper 
tree with a consistently longer period than the lower, as 
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shown below. The standard deviation of the tree with 
longer period (which is also the more vigorous of the two) 
is only -44 month; of the other tree -98 month. The trees 
always have a bare stage of 2—3 months irrespective of 
the time of year. Leaf-renewal has occurred in almost 
every month of the year. 

It should be noted that these two trees are not growing 
under very favourable soil conditions and that their 
growth is poor. They will form interesting material for 
cultivation and manurial experiments (see remarks under 
Kigelia), which have now begun. 


Upper 

Tree 

Lower 

Tree 


Months 


Months 

30. 3.28 . . 

— 

30. 3.28 .. 

_ 

17. 2.29 . . 

. . 10-6 

16.12.28 .. 

; 8-5 

18.12.29 . . 

.. 10-0 

6.10.29 . . 

. . 9-7 

1.11.30 . . 

.. 10 4 

10. 6.30 . . 

84 

4.10.31 . . 

. . 11-1 

3. 5.31 . . 

. . 10-8 

1. 8.32 .. 

99 

6. 3.32 .. 

.. 104 

4. 6.33 . . 

.. 10-1 

1.12.32 . . 

. . 8-9 

1. 5.34 .. 

. . 10-9 

6. 8.33 . . 

8-2 

7. 4.35 . . 

.. 11-2 

20. 4.34 . . 

.. 8-5 

16. 2.36 . . 

. . 10-3 

18. 3.35 .. 

.. 10-9 

21. 8.39 . . 

4 X 10-5 

6.10.36 . . 

2 X 9-3 

ian period: 10-5 months. 

15. 7.37 .. 

9-3 


Extremes: 9-9 and 11-2 months. 
Standard deviation: (excluding 
1936-39) 44 month or 4-2%. 


Mean period: 9-3 months. 
Extremes: 8-2 and 10*9 months. 
Standard deviation: *98 month 
or 10-5%. 


Saraca taipingensis Cantley. 

A fine tree of this handsome Malayan species has been 
under observation for some years. The tree is evergreen, 
flowering on the old wood, independently of the production 
of new leaves. New leaves are produced in flushes at 
irregular intervals, but the old leaves do not immediately 
fall. 

Though I cannot trace a definite connection between 
flowering and dry weather, it is fairly clear that flowering 
follows about a month or so after the beginning of a period 
of dry weather. The extent of the flowering naturally 
depends on how recently the tree flowered last. There are 
usually two fairly full flowerings in a year, and often small 
flowerings between. The flowerings recorded between 1927 
and 1937 have been in the following months:— 

Once 

Six times 
Four times 
Twice 


January 

February 

March 

April 

June 


July 

August 

September 

October 


Once 

Three times 
Six times 
Once 
Once 

This indicates that the flowering tends to be in 
February-March and August-September, following the 
principal dry periods. 
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New leaves come in flushes at irregular intervals. As. 
the old leaves do not fall when the new develop, the new 
growth is not dependent on the age of the old leaves. It 
seems to be most frequent soon after wet weather which 
follows a dry period, but this is not invariably the case, 
and the response is probably a rather complex one, 
dependent on the condition of the tree as well as on the 
weather. 

Sindora Wallichii Benth. 

The two trees of this species mentioned in 1931 have 
continued to behave irregularly as regards leaf-change, but 
records are incomplete. The tendency seems to be for a 
minimum leaf-period of about 12 months, with possible 
retention of leaves up to about 18 months. There is some 
indication that continued wet weather about 12 months 
from the last leaf-change prolongs the life of the old leaves; 
but the two trees do not always behave alike in this matter. 
Thus, they both renewed their leaves completely in February 
1931; one tree renewed them again in February, 1932, 
though January, 1932 was not a very dry month, but the 
other delayed until August 1932 before renewal. The first 
tree had previously renewed its leaves in September, 1929, 
but failed to do so in September, 1930, though July and 
August were both unusually dry, deferring renewal until 
February, 1931. 

The trees are slowly deciduous over a rather long 
period, and sometimes leaf-renewal occurs on part of the 
tree only, on other parts later. The response is evidently 
a complicated one. 

Sterculia carthaginensis Cav. 

The tree of this species mentioned in 1931 has been 
under observation since that time and has proved to be a 
very interesting case, comparable with that of Hevea, but 
less sensitive to climatic change. Its behaviour is worth 
considering in some detail. 

The first leaf-renewal observed was on 11th December, 
1927. The period from 12th November to 10th December was 
exceptionally dry, rainfall amounting to only 2-60 inches, 
instead of an average of about 10 inches. The next leaf- 
renewal was observed on 22 July, 1928, following a dry June. 
The next renewal occurred on 10th March, 1929; the rainfall 
in February was 10-97 inches, but there was a rather dry 
period from the 4th to 15th inclusive (12 days) with 1-00 
inch, which may have caused leaf-fall to begin. 

The weather was wet from August to November, 1929, 
December having only 4*49 inches. The tree had new leaves 
on a few branches about 10th December, but did not renew 
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all leaves until 17th February, 1930; the weather was dry 
from 12th January onwards (1-llth January, 3-17 inches; 
12-31st January, 0*72 inch). It is strange that the two 
unusually dry months of July (1-89 inches) and August 
(113 inches) did not cause another general leaf-change, 
but there were small developments of new leaves at various 
times between August and November, 1930, (16th to 29th 
September and October 7th to 16th, were also dry periods). 
The next general leaf-renewal took place on 21st February, 
1931; January was very wet up to the 19th, but from the 
20th to 16th February the rainfall was only 1-80 inches. 
There was no more dry weather during the rest of the year 
(not more than six consecutive days without rain at any 
time) but a few new leaves were produced by the tree in 
December. 

In 1932 the early part of January was dry (l-17th, 
•56 inch), but leaf-renewal was deferred until 20th 
February. Following dry weather in July and August, there 
was occasional small leaf-renewal on various branches 
between July and October, but no general renewal until 
16th January, 1933. There was hardly any wet season in 
the latter part of 1932, and only 1-19 inches rain from 
3rd to 19th December; this presumably induced an early 
leaf-renewal in 1933. 

In 1934 and 1935 there was again leaf-renewal in 
January, that of 1935 being early (12th) following a very 
dry December. There was an unusually large partial leaf- 
renewal on 18th September, 1935, about half the tree being 
involved; this followed a very dry July and August (2-73 
and 303 inches). November and December, 1935, were 
wet, and also January, 1936; dry weather began on 
February 1st and a general leaf-renewal (involving the fall 
of those leaves produced in September, 1935) began on 
3rd March, 1936. 

The wet season at the end of 1936 was normal with 
a short break at the beginning of January, 1937, the rest 
of January being wet. Leaf-renewal occurred on 13th 
February. No further change occurred up to October, 1937. 
I have no record of the behaviour of the tree at the 
beginning of 1938. There was a dry fortnight in January 
and leaf-renewal probably took place in February. July 
was very dry with 2*4 inches and there was another dry 
period in October (2*7 inches in 24 days). It was pre¬ 
sumably this which caused a complete leaf-renewal on 30 
November. Though there was a good deal of dry weather 
in February and March, 1939, leaf-renewal did not occur 
until 8th May, a period of 5-3 months. 

This tree is clearly unstable. It appears to have a 
minimum period of five months (5*5 months from the 
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half-renewal of 18th September, 1935 to 2nd March, 1936, and 
5-3 months from 30th November, 1938 to 8th May, 1939) and 
a maximum of about 12 months (prolonged for some leaves 
to 13-7 months, on one occasion, following the large partial 
change of September, 1935). It appears that after about 
5 months any pronounced dry weather may cause at least a 
partial leaf-fall, followed by leaf-renewal on the branches 
affected; leaf-renewal occurs a month or more after the 
onset of the dry weather (in a complete change, leaf-fall 
is complete in 2-4 weeks after the first signs of brown 
leaves). But it should be noted that where new leaves are 
produced on only a few small branches, these fall at the 
next general leaf-fail, even though this occurs only 2 or 
3 months later. 

The following table shows dates of complete changes 
only, with the intervening periods in months. For the 
years 1929-1937, the mean period was 121 months, with 
standard deviation -88 month or 7*3%. 

Months Months 


11.12.27 

— 

21. 1.34 . . 

. . 12-2 

22. 7.28 . 

74 

12. 1.35 .. 

. . 11-7 

10. 3.39 

7*6 

2. 3.36 . . 

. . 13-7 

17. 2.30 

11-2 

13. 2.37 . . 

.. 114 

21. 2.31 

121 

30.11.38 . . 

2 X 10-8 

20. 2.32 

12-0 

8. 5.39 . . 

5-3 

16. 1.33 . . 

10-9 

22. 2.40 . . 

9-5 

Sterculia macrophylla Vent. 
I have short series of 

records of three 

trees of this 


species, one in Penang and two in Singapore. Two of the 
trees have shown a fairly regular period of 6-4 to 8-2 
months; the third tree was in poor condition, and much 
more irregular, in 1927-31. This third tree was subse¬ 
quently cultivated and became more vigorous. It showed 
a period of 9-2 months in 1938-39. The records indicate 
this species as a short-period tree, both at Penang and 
Singapore. Its natural distribution is said to be confined 
to Malaysia. Records of its behaviour in the more strongly 
seasonal climate of East Java would be interesting. The 
following are data available for the three trees above 
mentioned. 

Penang Singapore Singapore 



Months 


Months 


Months 

8. 1.31 

— 

28. 2.35 

— 

7. 9.27 

— 

14. 9.31 

. . 8-2 

8. 9.35 

64 

5. 8.28 

11 10-9 

June 1932 

6- 

30. 3.36 

6-8 

1. 6.29 

9-9 

3. 1.33 

6-5 

20.11.30 

7-7 

20. 6.30 

. . 12-6 

Aug. 1933 

7 

27.' 6.37 

7-2 

2. 2.31 

74 





8.10.38 

_ 





15. 7.39 

9-2 





13. 3.40 

. . 80 
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Sterculia sp. 

This tree, the species of which has not been identified, 
has been under observation for 12 years and has had a 
mean leaf-period of 10T months, with a good deal of 
variation. The standard deviation however is little more 
than 10 c /c of the mean period. The data are as follows. 

Months Months 


16. 9.27 . . 

— 

Dec. 1933 .. 

2 X 9-5 

12. 8.28 .. 

.. 10-9 

25. 8.35 .. 

2 X 10- 

1. 6.29 . . 

9-7 

28. 5.36 . . 

9 1 

14. 4.30 . . 

. . 104 

March 1937 

9-5 

5. 4.31 . . 

.. 117 

22. 8.39 .. 

3 X 9-7 

10. 3.32 . . 

.. 11-2 

21. 4.40 .. 

. . 80 

13. 3.33 .. 

. . 124 



15 periods. 





Mean period: 10-1 months. 

Standard deviation: 1-26 month or 12-59c. 

Tamarindus indica L. 

The old tree mentioned in my paper of 1931 died not 
long afterwards. The young tree was kept under observa¬ 
tion, but being planted in a clay soil was not in a very 
vigorous condition. It showed a tendency to have periods 
of less than a year for three years, but then had a period 
of 17*7* months, the subsequent leaf-growth being poor and 
slow in developing. In September, 1938, three months after 
a leaf-renewal, the tree was well dug and manured, new 
leaf-growth occurring two months later. The future de¬ 
velopment will be watched with interest. The dates of new 
leaf-growth are as follows. 


Months Months 

15. 2.31 .. .. — 15.12.34 .. . . 10- 

28. 2.32 .. . . 124 4.12.35 . . . . 11-7 

24. 3.33 . . . . 12 8 25. 5.37 . . . . 17 7 

15. 2.34 . . . . 10-7 1. 6.38 . . . . 12-2 

Manured 18.9.38. 

November 1938, more new leaves. 


Terminalia catappa L. 

Records have been continued of the behaviour of the 
tree mentioned in 1931. It has subsequently shown more 
irregularity than was indicated in the period 1927-31. This 
irregularity was chiefly in 1932-34, and is probably to be 
traced to the dry weather of August to December, 1932, 
which caused a leaf-renewal on 25th December, 1932, after a 
period of only 4-5 months. This was followed by three 
rather long periods, which brought the month of leaf-change 
to August once more. The long period of 1936 is surprising, 
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as the months of June, July and August were all fairly dry. 
New growth of leaf-buds is rapid and simultaneous all over 
the tree, so that dates are closely comparable. 

As noted previously, this species changes its leaves 
twice a year in the strongly seasonal climate of east Java, 
in Ceylon, and in West Africa. In East Java it changes 
its leaves in the latter part of the wet season, and again 
in the latter part of the dry season. On the analogy of 
the behaviour of the Singapore tree, one would expect the 
leaf-periods in East Java ending February-March, during 
which the weather is much wetter than in the other period, 
to be longer, and the drier leaf-period, ending August- 
September, to be shorter. Records on this point would be 
interesting. It is clear that the species tends to have a 
leaf-period of about six months, and that the present tree 
is more sensitive to external influence than the tree of 
Couroupita, but less so than the trees of Ficus variegata 
mentioned in this paper. 

At Peradeniya there are two dry seasons (one longer 
than the other) and the change occurs during the dry 
seasons. In Singapore the mean dates of leaf-change of 
the tree observed (8th February and 11th August) also 
correspond with the periods when dry weather is most 
frequently experienced. 

Recorded dates of leaf-renewal of the Singapore tree 
are as follows. 


8. 1.28 .. 

Months 

11. 6.33 .. 

Months 

. . 6-6 

8. 7.28 . . 

’. 6-0 

21. 1.34 . . 

7-3 

3. 2.29 . . 

.. 6-8 

20. 8.34 . . 

.. 7-0 

11. 8.29 . . 

. . 6-3 

28. 2.35 . . 

6-2 

9. 2.30 .. 

6-0 

10. 8.35 .. 

5-5 

8. 8.30 .. 

. . 6-0 

18. 2.36 . . 

6-3 

6. 2.31 . . 

6-0 

20. 9.36 . . 

7-1 

20. 8.31 . . 

6-5 

12. 3.37 .. 

5-6 

6. 2.32 . . 

5-5 

9. 9.37 . . 

.. 5-9 

9. 8.32 .. 

6-1 

1. 9.38 . . 

2 X 5-9 

25.12.32 . . 

4-5 

15. 3.39 . . 

6-5 

Mean period: 6*1 months. 

Extremes: 7-3 and 4-5 months. 

Standard deviation: -64 month or 10-5%. 

Mean dates: 8th Feb. and 11th Aug. 



Terminalia subspathulata King. 

This local species is represented by a fine tree on the 
edge of the Gardens Jungle in Singapore. This tree has 
been very regular in its behaviour since 1928. It begins 
to lose its leaves about October and loses them slowly all 
through the wetter season, more rapidly when the drier 
weather begins in January or February, and is nearly bare 
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for perhaps a month before the new buds begin to open. 
The opening of the buds is quite rapid and simultaneous 
all over the tree, so that dates are closely comparable. 
Flowering does not occur every year. 

The factors which influence the date of leaf-renewal 
are probably rather complex, as the period of leaf-fail 
extends over several months. There is little doubt that the 
tree has a natural tendency to a 12-month leaf-period, and 
also that the occurrence of the bare period immediately 
following the break at the end of the wet season is signi¬ 
ficant; but the slow loss of leaves through the wet season 
is curious. The data for this tree are as follows. 



Months 


Months 

19.4.28 

.. — 

10.5.34 

.. 13-3 

17.3.29 

. . 10-9 

27.3.35 

. . 10-6 

16.3.30 

. . 12-0 

10.4.36 

. . 12-5 

31.3.31 

. . 12-5 

29.4.37 

. . 12-6 

10.4.32 

.. 12-3 

12.4.39 

2 X 11-7 

2.4.33 

. . 11-7 

12.3.40 

.. 11-0 

Mean period 

: 11-9 months. 



Standard deviation: *83 month 

o 

© 

$ 


Mean date: 

6th April. 
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Total for the year: 115-24 inches. 
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Total for the year: 86-05 inches. 
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RAINFALL, IN INCHES, AT THE BOTANIC GARDENS, SINGAPORE 

1932 


168 



oi © OO 


c- ^H 



© 


LO LO CO ©©!>©© 


© 


OHOWO 

© lO 


© 



© — Ol © Ol r-H Ol Ol 



6 

<D 

Ol 

1 

1 1 

1 


1 

1 1 1 


I 

© 

Q 


1 

1 1 

1 


1 

1 1 1 

1 1 1 1 1 

1 



l> © 

CO T* 

CO ZD 




Ol T* 

Ol Ol CO CO no 


© 


CO ^h 

© Ol 

h h r— co 


© © 

CO © © ^H —1 



> 

o 

1 

1 

1 



1 1 

1 

1 1 1 1 1 * 1 1 1 


LO 

£ 








1 1 1 1 1 111 




Ol 




© 


Ol 

— I> © COCO © Ol -t 

© 

© 

Ol 




© ^H 

© 

^H© © COOl © CO©© 

Ol 












O 

1 I 

1 1 1 

1 1 1 I 

1 


1 

1 * 1 

1 II 1^1 


CO 


1 1 

1 1 1 

1 1 1 1 

1 


1 

1 1 

III II 



© 











O 












o 

l'' io 

-H l> 

L0 



Ol Ol 

L0 © L0 © ^ Ol 


H+ 

• 

I-H 

00 CO 

CO 

Ol 



Ol © 

© Ol 00 © L0 © 


L0 

a 

1 1 

1 

1 I 

CO 

1 

1 1 

1 

1 1 1 1 ’ ‘ H | I | ’ ’ ■ 


GO 

© 

1 1 

1 

1 1 


1 

1 1 

1 

1 1 1 1 III 



Ul 










1 


Ol 


CO 



© 

'•+ Ol l> © ic 00 © Ol © H Ol 


CO 

CO 

Ol 


© 



© 

© © © Ol © © I-H i— H i— H i-H 


go 

§D 

1 1 

1 1 1 

1 1 1 

I 

1 

1 


III 1 1 

1 



1 1 

1 1 1 

1 1 1 

1 

1 

1 


III 1 1 

1 


< 












ZD CO 

<”H Ol CO © GO © 




© LO I> 

© 

© 


co co 

© © Ol 

H 00 Tjn 

HH 




tH lO © 

© 

© 

3 

- 1 


Ol Ol | Ol 


1 

1 1 

1 1 1 

1 1 II ■ ■ 1 1 II ■ 1 1 


CO 














GO GO 

© 



oi©©coo© ©00 


CO 

© 


^ GO 

CO ^h 



© © Ol © ^h I> 00© 


© 

s 

1 1 1 

1 

1 * 1 

1 

1 

1 

1 

1 1 111*—1 III 


LO 

3 

i 1 I 

1 

1 1 

1 

1 

1 

1 

1 1 1 .1 i III 


t© 












Cl 

lO 

Ol 


i-H 


CO 

H* L0^ I> 00 


Ol 


00 o 

© 

Ol LO 


00 


© 

L0 © Ol © © CO *-H Ol 


© 


1 

1 1 

’ H I I 

1 

rH 

I 1 

1 * 1 

• | ■ ■ | <NCO • I I • I ^ 

1 

4< 


1 

1 1 

1 1 

1 


1 1 

1 1 

l 1 III 

1 



^#coo 

© 

© © LO LO 



ZD 

© CO © 

i-H l> 00 CO 




© Cl ^ 


lo- CO © I> 



© 

© © r-H 

<—H ^ CO © I-H 


© 

‘C 

a 


1 ' 1 


1 

1 

^ 1 


■ 11 ■ i ■ r i ■ i ii 


© 

1 












I> 





i-H ^ 


©Ol-rtc© OlOl coco 


© 


Ol 





© © 


© I> © © L0 <© i-H CO© 


t- 


r^ 1 I 

1 1 i 

ill! 

1 

1 


1 1 1 

1 1 * ’ ^ 1 ^ 1 

1 

© 

cc 

I 1 

1 1 1 

III! 

1 

1 


1 1 1 

II II 

1 













>» 


CO 

© —1 




CO 

L0 © Ol Ol —1 ^ 


© 


♦ 

© 

Ol Ol 




GO 

Ol © © i-H co Ol 


© 


1 1 1 

1 * I 

1 1 

1 

1 

1 1 

1 1 

1 ^ ~ * 1 * 1 * 1 1 1 



u 

1 1 1 

1 1 

1 1 

1 

1 

1 1 

1 1 

1 1 1 1 1 1 



pO 











© 1 






















>> 1 


J 

Ol 



CO 


F— 1 t- — ^COCO-H-»t©LO CO 


!> 

3 


CO 

—1 





L0 CpHHNOO r-H,© CO r-H 


CD 

2 

1 1 1 

1 1 

’ill 

1 

1 

1 

1 1 1 

I r-H r-H * ’ H -H ’ | 

1 

© 

c 

1 1 1 

1 1 

1 1 1 

1 

1 

1 

1 1 1 

1 1 

1 


cS 























^OlCO^lOCOt^OCCl© 


OlC0'*t!L0©t-00©©*-HOlCOTt<L0©I>G0©© 









t-H r-H 

^ ^ "H 

^H^HOIOIOIOIOIOIOIOIOIOICOCO 



Gardens Bulletin, t 


























1933 


169 


8 

Cl 


(N »C<M WO l> 

© <N © O t* 


© CO 
50 


I 


1C t> GO Tj-. |> 00 N 

Cl <N WO <N © CO ^ 



Nov. 

T* 00 o 

<M <M »H 

1 ’ ‘ ’ 

50 WO 

Tti o <M 

' r' i 

<N CO CO t> 

O CO O O 

i ri- 

rfi © wo CO >“H 

H 1C i—I <M © 

i' *' - r i 

•14 

1*62 

1 

wo CO 
CO © 


12*05 

u 


05 05 O 

iCHOfM 

CO 


wo © 



GO © 


© 

0 


COHTt<Ttl 

^i*(MH 

© 


H CO 

<N 


© 



ic 

o 

IMI 

M 1 

| | 


1 1 1 

III*’ 

| 1 

| 

<N 


1 

05 

+3 

1 1 1 1 

1 

1 1 


1 1 1 

1 1 1 

1 1 

1 



1 


o 













o 














CO 

50 GO 


© 

GO 

WO <M © Tt< CO ^ 

<N 

H 

CO 


© 

r * 

O t- 

t> <M 


Th 

<N 

<N'Oh^H<NTt<©<N©'N<N 



& 

1 1 

III ^ 

1 1 1 1 1 1 


| | 

1 




H 


00 

0 

1 1 

1 1 1 

1 1 1 1 1 1 


1 1 

1 







U1 















O 

o o 


<N CO 

<M <N 

QO 


wo wo 


Tt< 

VI 


Ol 



1C <M 

CO © 

© © 


<M 



50 

5) 

1 1 1 1 

III 1 

III ^ 1 

| 

| 

’’ill 

| 

| 


CO 

1 

50 


1 1 1 1 

III 1 

III 1 

1 

1 

1 1 1 

1 

1 



1 
















t- QO OO 

H 50 CO 

^ CO GO CO 05 


© 



tJH 


co 

<M 

>» 

O ^ 

<N O t'* 

CO <N CO <N CO 





<M 


CO 

CO 


I *-H 

1 1 <M <M 

1 1 


1 1 1 

Mill 

1 1 1 

| 


1 

H 

H 



| | 

| | 



1 1 1 1 

1 1 1 






•"0 
















t> © t> <N WO 


00 © © CO 



CO 



CO 

0 



© WO <N <N O 


© © GO © 

© 


<M 



1C 

§ 

1 1 1 1 

Mill 

-H 1 

| 


IMI 

| | 

| 


1 


1C 

1-0 

1111 

i i i i i 

1 

1 


i i i i 

1 1 

1 


1 





50 

HMH© 


© H 

1C © © <N 

© 



t> 


© 

>1 


o 

H © CO © 


-H <M 

<M © © © 




CO 



o3 

1 1 1 1 

1 1 II 

1 1 

| 

<-H 1 


| * | 

| 

| 

H 

1 

1C 


II II 

1 1 1 1 

1 1 

1 

1 


1 1 

1 

1 


1 



I- <M 

COO 

© WO <-h 

<MCOH 

<M <MXt> 


WO 





WO GO 

O O <N 

CO <M <M 

i-H 

<M 

H © © WO 


i-H 



© 

‘fH 

Oh 

’'ll 

1 ^ * 

1 1 1 


| 

1 1 1 

1 

| 


1 


50 















GO ^ 

00 50 05t^t^05<M<M CO 


© I> 

T* © 






© 



ci o co qo h 

t- t> lO © 


T ? 

© H 


© 



<M 

50 

S- 

' H 1 1 

— hH 

1 1 

1 

1 

IlM* 

I * 1 


1 

1 

H 

© 

cS 

1 1 


1 | 

1 

1 

1 1 1 

1 | 


1 




s 













h 

CO 





© 

WO CO © © 




<M 

fH 

C§ 

05 






© 00 © (M 




r-H 



1 1 II 1 

1 1 1 1 1 1 

| 

1 1 1 

|| II 







Sh 

1 1 1 

l 1 1 1 1 

1 1 1 1 1 1 

1 

1 1 1 

1 1 1 1 







rO 













© 













£ 












’ 

>» 

<N CO UO GO O 05 



h>^00^© 00 

WO Tt' 






(h 

eg 

00 05 

WO 



00 © 

HCO© <N t" © 





1C 

3 

1 1 

| 

| | ' II 1 

| 

| 


| 

1 

| 

1 

1 

© 

fl 

1 1 

1 

II III 

1 

1 

1 

1 

1 

1 

1 

1 















•"5 














M(MC0^lC’Ot'00C5OH(MC0Ttll050^X05OH(MC0'<fl050^X05O^ 

HHHHHHHHHH<N<M<N<M<M<N<M<N<N<MCOCO 


r . XL (1940) 
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Total for the year 87-84 inches. 
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Total for the year 96-57 inches. 































